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FOREWORD

This work was performed by the Microelectronics Center
of TRW Systems Group, TRW Inc., One Space Park, Redondo
Beach, California, under National Aeronautics and Space
Administration Contract Number NAS 9-5293, '"Signal Con-
ditioning Power Programmer.'" This report covers work
conducted from 7 October 1965 through 7 December 1966
andis identified as Report Number 05183-6001-R000 by the
Contractor. Members of the technical staff include David
R. Breuer, Project and Design Engineer;Norman E. Grannis,
Design Engineer, and James L. Buie, Section Head.
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1. INTRODUCTION

1.1 GENERAL DESCRIPTION

This report describes the work performed under contract NAS9-5293
to develop a microminiature 90-channel low-level signal conditioning
system which features programmed power, conditioning of 5 millivolt full
scale analog signals, and a IRIG specified PAM output. This system
offers significantly reduced size, weight, and power combined with
increased reliability over existing conventional low-level signal condition-

ing systems. A comparison is made in Table I.

TABLE I. COMPARISON OF CONVENTIONAL AND MICROMINIATURE
90-CHANNEL LOW-LEVEL SIGNAL CONDITIONING SYSTEMS

Conventional Microminiature Reduction
.3 .. 3
Volume 750 in <50 in <7%
Weight 45 1bs < 2 1bs <4%
Power 183 watts 5 watts 3%

Note: The microminiature volume and weight are estimates since
system package design and fabrication were not included
in this contract. The numbers refer to the complete system,
including signal conditioners.

The following report includes the system, circuit, and device
designs and the interdependency of each aspect. The system concept, for
instance, is made practical by the development of the monolithic integrated
circuit, low level dc amplifier under contract NAS9-3410. Adjustable
evaporated cermet resistors on active silicon substrates, dielectric
isolation, NPN-PNP transistors, MOSFET devices, MOS capacitors, and
advanced circuit design techniques which incorporate these devices allow

the system to be organized as described.

This contract includes the development and delivery of all circuits,
except the signal modifiers, and includes a twelve-channel breadboard

model which demonstrates the operation of the system.



1.2 SPECIFICATIONS

The contract specifications are found in Section 5, Test Procedures.



2. SYSTEM DESIGN

2.1 SYSTEM DESCRIPTION

The system concept is illustrated in the block diagram of Figure 1.
The low level transducer outputs range from 5 to 100 millivolts full scale.
A signal modifier converts the output of a transducer into a 0 to +5 volt
full scale voltage. It may be dc amplifier, ac to dc converter,A resistance
to dc converter, or a phase sensitive demodulator, depending upon the

type of sensor (see Appendix A).

Transducers, such as strain gauges, are sequentially energized via
GTR gated voltage regulators. Power is likewise gated to signal modifiers,
which are located on or near the transducers, via GMR gated voltage
regulators. In the sequential mode of operation, all the channels are gated
OFF, at any one time, except the channel being monitored. This gating

technique allows the system power input to be significantly descreased.

Since the maximum system sequencing rate is limited by the thermal-
electrical settling time of the signal modifiers, provision is also made to
gate ON the modifier and/or transducer power one sample time in advance.
This optional increase in the maximum sequencing rate is accomplished

at the expense of increased power input. See Sections 2.2.2 and 2.4.

The outputs of the signal modifiers are multiplexed at a 0 to +5
volt full scale level and then conditioned into an IRIG specified PAM wave-
train by the output circuit. The control logic, which operates in one of
two modes, sequential or random access, provides control signals to the
analog switches, power switches, and output circuit. The power source
converts a +28 volt unregulated battery voltage inte four regulated dc
voltages. It includes a microminiature pulse width modulated power

converter.

Some of the inherent advantages of the described microminiature

signal conditioning system are:
a) Low level (5 millivolt full scale) inputs are conditioned;

b) Excitation power is supplied to transducers such as strain
gauges;
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c) System power input is minimized by gating signal modifier
and transducer power;

d) A signal modifier on each input channel provides flexibility
in the type of analog signal to be conditioned;

e) A signal modifier on each analog input converts all signals
to a high level before multiplexing, thereby minimizing
analog errors normally encountered with long low level
signal lines and low level multiplexers;

f) Crosstalk errors are minimized since all the channels are
gated OFF, at any one time, except the channel being
monitored;

g) The maximum speed of the system can be increased by
turning ON each channel power in advance to the sample
time.

See Appendix B for information on comparison with existing systems.

2.2 IDENTIFICATION AND SPECIFICATION OF BLOCK DIAGRAM
FUNCTIONS

2.2.1 Transducers

A typical deflection bridge circuit is shown in Figure 2 in which a
transducer such as a strain gauge, resistance thermometer, etc., forms
one or more arms of the bridge. Variations in the transducer resist-
ance(s) produce voltage variations which are amplified by the associated
signal modifier. Bridge impedance levels of 350 ochms, or more, are
excited by a ten volt precise voltage reference source. The bridge out-
put signal levels under consideration range from 5 to 100 millivolts
full scale. Strain gauge transducers have a susceptibility of shorts to
the frame on which they are mounted, as shown in Figure 2. This short
is anticipated in the design of the GTR voltage regulator to prevent the

fault mode from being propogated into other channels of the system.

One output of the GTR is close to ground potential, +0.5 volt. The
differential output voltage is 10 volts. Consequently, the common-mode

input voltage to the signal modifiers is +5.5 volts.

2-3



POSSIBLE TO THE SIGNAL
FAULT ~ MODIFIER INPUT
MODES (5-100MV FULL SCALE)
»/
=—10 VOLTS >f{=—— QO VOLTS

\ J

Y
FROM REFERENCE VOLTAGE SOURCE

Figure 2. Typical Deflection Bridge Circuit

Note, the above discussion does not apply to channels monitoring
transducers such as thermocouples, tachometers, flowmeters, voltage

sources, etc., since no external excitation is required.

2.2.2 Signal Modifiers

The following information is included since it relates directly to
the overall system performance and the specification of the remaining
system blocks. The design, fabrication, and delivery of the signal
modifiers are not included in this contract. However, the amplifier
developed under contract NAS9-4640 is the basic building block of this

family of signal modifiers. Table II indicates the pertinent specifications.
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TABLE II. SIGNAL MODIFIER CHARACTERISTICS

Power supply voltages +15 +0. 3 volt
-15 +0. 3 volt
Power supply current 6+1 ma
Output impedance <1l ohm
Common-mode input voltage <-1 volt to
>+6.5 volts
Power switching settling time™ Case 1

150 psec if differential 3 db
Frequency response = 10 kHz

Case 2.

15 psec if differential 3 db
Frequency response > 100 kHz

>FSettling times include gated regulator response time and
assumes a 5 mv accuracy at the signal modifier output.

In Section 2. 2.1 it was noted that the signal modifier common-mode
input voltage is +5.5 volts for channels monitoring excited transducers.
Therefore, assuming an additional #1 volt for ac common-mode signals, the

specification is set at ~1 to +6.5 volts.

The amplifier delivered under contract NAS9-4640 requires
capacitors to shape the 3 db frequency response at 10 kHz. These
capacitors also limit the settling time to 150 psec (Case 1). The settling
time is the length of time needed for the amplifier to settle within 5 mv
otits final value measured fromthe 50 percent point onthe voltage regulator
gate input signal. The settling time is reduced to 15 usec by removing
the differential roll-off capacitors (Case 2). This simultaneously increases

the differential mode bandwidth and equivalent input noise.

See Appendix A for additional information on signal modifiers.
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2.2.3 Gated Transducer Regulator (GTR)

The GTR provides a gated 10 volt reference voltage to transducers
of 350 ohms or more. The block representation of Figure 3 shows the

. A/B power input, E/F power output, and C/D gate input signals. Tran-
sistor QA represents the series regulating element and transistor QB

the saturating switch element.

Logic gate inputs VC and VD perform a logic OR function. When
the gate signal VC or VD is high, QA is activated and QB is turned hard
ON such that (VF g is the VCE(SAT)
of QB. When the gate signal is low, QA and QB are turned OFF such

- VE) is regulated at 10 volts and V

that (VF - VE) = 0 volts. The gate signal comes from the power switch
matrix, which is equivalent to an open or closed switch to +5 volts. The
OR capability of C/D inputs provides the option of turning ON the
regulator one sample time in advance. TON is defined as the time
required for the voltage output to settle within 5 mv of its final value,
assuming the 50 percent point of the rising edge of the gate input signal
as reference.

OUTPUT F E
TERMINALS

o+ o -
O D
QA}— oTR —KQB LOGIC GATE INPUTS

~—oC

INPUT b+

TERMINALS [ A O GROUND

(@)

VEORVp | 45

LOGIC GATE

SIGNAL 0 | TIME

+10

(Vg ~ VE) Smy
OUTPUT
VOLTAGE 0 —— TIME

Figure 3. Gated Transducer Regulator
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Both the positive and negative lines are disconnected during OFF to
prevent a shorted transducer from affecting other channels via ground
loops. The regulator is short circuit protected to limit the power supply

current if a transducer is shorted.

The current drawn by the GTR during OFF is limited to semi-
conductor leakage currents so that the OFF power dissipation is minimum.
This feature minimizes the system power consumption. Table III lists the

important specifications of the GTR.

TABLE III. GTR SPECIFICATIONS

ON OFF

Minimum Typical Maximum Minimum Typical Maximum

VA (volt) +15 +16 +18 +15 +16 +18
VB (volt) 0 0
VC or VD (volt) +4.7 0
VE (volt) 0.3 0.5 0 0.01
VF - VE (volt) 9. 950 10.000 10.050 0 0.01
I (ma) 30 60 0 0.01
IS (ma) ZIL
PD (mw) 215 0 0.18
TON (usec) 20
Temp (°C) -35 +25 +95 -35 +25 +95
where
IL = Load current
IS = Short circuit current
PD = Power dissipation

(VF-V ) minimum and maximum include effects of temperature,
line and load variations
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2.2.4 Gated Modifier Regulator (GMR)

The GMR provides a gated 30 volt supply to the signal modifiers,
which draw 6 +1 ma during ON. The block representation of Figure 4
shows the A/B/C power inputs, F/G power outputs, and D/E gate inputs.
Transistor QA represents the series regulating element and transistor

QB the saturating switch element.

Logic gate inputs VD and VE perform a logic OR function. When
the gate signal V or Vi is high, Q, is activated and Q‘B is turned hard
ON, such that (VG-VF) is regulated at 30 volts and VF is approximately
-15 volts or VC_VCE(sat)QB' When the gate signal is low, QA and Q‘B
are turned OFF, such that VF and VG go to ground potential. ’I‘his is
necessary to insure that the signal modifier draws negligible current
during OFF. The gate signal comes from the power switch matrix which
is equivalent to an open or closed switch to +5 volts. The OR capability
of D/E inputs provide the option of turning ON the regulator one sample
time in advance. TON is defined as the time required for the voltage
output to settle within 100 mv of its final value, assuming the 50% point

of the rising edge of the gate signal as reference.

G F
OUTPUT o+ o-
TERMINALS

1
ot ~s LOGIC GATE INPUTS
GMR oD
INPUT g s dorounp Jc d _
TERMINALS A B c
(@)
+5

Vp OR Vg
LOGIC INPUT Qe TIME
SIGNAL

+30 J

/
100 mv
Vg - Vp)
ouTPUT 0 — TIME

VOLTAGE l
‘oN

{b)

Figure 4. Gated Modifier Regulator
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Both the positive and negative lines are disconnected during OFF to
minimize the signal modifier OFF currents. This feature minimizes the
system power consumption. Table IV lists the important specifications
of the GMR.

TABLE IV. GMR SPECIFICATIONS

ON - OFF

Minimum Typical Maximum Minimum Typical Maximum

VA (volt) +21 +23 +25 +21 +23 +25
VB (volt) 0 0
VC (volt) -14.6 -15.1 =-15.6 -14.6 -15.1 -15.1
VD or VE (volt) +4.7 0
VF (volt) ~-15 0 0.01
(VF—VG) (volt) 29.7 30.0 30.3 0 0.01
I (ma) 5 6 7 0 0.01
IA (ma) 8.2
Is (ma) 0.45
IC (ma) 7.75
Py (mw) 125 0 0.3
TON (nsec) 20
Temp (°C) -35 +25 +95 -35 +25 +95
where
IL = Load current of positive line
PD = Power dissipation

(VF—VG) minimum and maximum include effects of temperature,
line and load variations
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2.2.5 Power Switch Matrix

The power switch matrix shown in Figure 5 is a serial-to-parallel
converter which distributes 45 volts through a series impedance to 88
outputs, one at a time. It functions as a single pole, eighty-eight position
switch. The 88 outputs are used as gating signals for the GTR and GMR

gated regulators.

The power switch matrix is divided int;) a three level AND function
and is controlled by a three digit octal code received from the control
logic block. Each output of the power switch matrix measures either an
open circuit { >100 megohms) or a low impedance (<2K ohms) to +5 volts.
When a power switch matrix output is connected to +5 volts, the regulator
which is connected to that output is turned ON. Only one output is
connected to 45 volts at any one time for both the sequential and the
parallel modes of operation. The timing diagram of Figure 6 shows the

outputs in the sequential mode of operation.

2.2.6 Analog Switch Matrix

The analog switch matrix shown in Figure 7 is a parallel-to-serial
converter which connects the input of the PAM circuit to the outputs of the
88 signal modifiers, one at a time. It functions as a single pole, eighty-
eight position commutator. " The analog switch matrix is divided into a
three-level AND function and is controlled by the same three-digit octal
code which controls the power switch matrix. Only one signal modifier
is connected to the PAM circuit at any one time, for both the sequential
and the parallel modes of operation. Figure 8 shows the timing diagram
for the sequential mode of operation. The analog switch matrix introduces

less than 0.1 percent error in the analog signal being conditioned.

2.2.7 Control Logic

The control logic block shown in Figure 9 provides digital control
signals for the power switch matrix, analog switch matrix and PAM

output circuit. Modes of operation include sequential or random access
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INTERNAL/EXTERNAL CLOCK —» g INTERNAL CLOCK OUT
EXTERNAL CLOCK —P»

—» STROBE OUT
INTERNAL/EXTERNAL STROBE ——»
STROBE OVERRIDE ——»

EXTERNAL STROBE ——» —> ) x,v.z ocTAL ’
. CONTROL SIGNALS
MODE CONTROL — » | (19 LINES)
CONTROL
LOGIC
SEQUENTIAL START OR [
PARALLEL ENTRY .
—> P
: COUNTER OUT
. (7 LINES)
—»
[ —
SEQUENTIAL STOP :
(7 LINES) .
- —> — SYNC OUT

STOP OVERRIDE ——p»

Figure 9. Control Logic Input/Output Signals Block Diagram

channel selection, and internal or external control. If all the logic inputs
jare disconnected, the programmer will automatically sequence through
'all the channels at the specified sampling rate of 900 Hz. All logic input.
§signals are of the type that require an equivalent of a switch closure to
jground for the active level and an open line or positive voltage for the
{normal level. All digital signals entering or leaving the programmer are
‘short circuit proof and may be shorted either to ground or to each other

without damaging the programmer.

The description of the control logic input/output signals are as

follows:
a) INPUTS

NOTE: Unless specified otherwise, the following specifi~
cations apply to all digital inputs:

Logic 0 level: 0 + 0.5 volts
Logic 0 load: 150 pA maximum to 5.5 volts maximum

Logic 1 level: Disconnected or at 5+2 volts
Logic 1 load: 5pA maximum to GND
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INT/EXT CLOCK

EXT CLOCK

INT/EXT STROBE

STROBE OVR.

EXT STROBE

Logic level used to select between an
internal or external source for the
clock signal which determines the
basic channel scan rate. Logic 1l
selects the 900 Hz intermnal clock;
logic 0 selects the signal connected
to the EXT CLK input. Logicl

load: 10pA maximum to GND; logic
0 load: 300 pA maximum to 5.5 volts.

When selected by the INT/EXT CLK
line, this input provides the clock
signal which determines the basic
channel scan rate. Programmer
steps to next channel on transition
from logic 1 to logic 0, Minimum
pulse duration at logic 1 level:

400 ns. Frequency range: dc to

160 kHz.

Logic level used to select between an
internal or external source for the
sirobe signal used to sample the
analog voltage. Logic 1 selects the
internal strobe derived from the
clock signal; logic 0 selects the
signal connected to the EXT STROBE
input. Logic 1 load; 10 p A maximum
to GND; logic 0 load: 300 pA maxi-
mum to 5.5 volts.

Overrides strobe inputs by providing
a continuous active level for the
STROBE signal. Logic 0 is override
condition, logic 1 has no effect on
programmer.

When selected by the INT/EXT
STROBE line, this input provides
the strobe signal used to sample the
analog output voltage. Sampling will
occur when the signal is at the logic
1 level. Minimum pulse duration at
logic 1 level: 400 ns. Frequency
range: dc to 100 kHz.
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MODE CONTROL

SEQUENTIAL START
or
PARALLEL ENTRY

PARALLEL LOAD

SEQUENTIAL STOP

Inhibits scanning when at the logic 0
level. No effect on programmer
when at logic 1. Logic 1 load:

10 pA maximum to GND; logic 0 load:
260 pA maximum to 5.5 volts
maximuim.

Seven-bit binary input data. During
parallel mode operation, the pro-
grammer monitors the channel
corresponding to the code set up by
these 7 lines, but only when the PAR
ILLOAD signal is activated. In serial
mode operation, the start channel
corresponds to the code set up by
these inputs., Logic 1 level = binary
0, logic 0 level = binary 1 (false
inputs).

In parallel mode operation, this
signal is used in conjunction with
binary input data bl-bb4. Signal

is normally at logic 1 and pulsed to
logic 0. Binary inputs will not
effect programm unless PAR LOAD
is at logic O level. Minimum pulse
duration at logic 0 level: 400 ns.
Frequency range: dc to 100 kHz,
Binary inputs must be static during
pulse interval. Logic 1 load: 5pA
maximum to GND; logic 0 load: 1.6
pA maximum to 5.5 volts maximum.

Seven-bit binary stop code. In serial
mode operation, the programmer
stops on the first channel after the
channel corresponding to the code
determined by the state of these
lines. Since the programmer
automatically restarts itself, this
code corresponds to channel N-1,
where N is the last channel in a
continuously repeating cycle. Logic
1 level = binary 1, logic 0 level =
binary 0 (true inputs).
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STOP OVERRIDE Overrides stop code selected by
S1-S64. Logic 0 causes programmer
to cycle from start channel all the
way through to last channel
{(channel 127). Logic 1 has no
effect on programmer.

b) OUTPUTS

NOTE: Unless specified otherwise, the following
specifications apply to all digital outputs:

Logic 0 level: 0V minimum to +0.45 volt maximum

Logic 0 load: 10mA maximum to +7V maximum

Logic 1 level: 2.5V minimum 5.5V maximum

Logic 1 load: 100 A maximum to GND

Logic 1 to logic O transition (90 to 10%): 500 ns
maximum with 100 pF to GND

Logic 0 to logic 1 transition (10 to 90%): 2 us
maximum with 100 pF to GND

INT CLOCK OUT Continuous 900 Hz 50 percent duty
cycle square wave. Can be used
for synchronization purposes or
for test signal. When programmer
scan rate is controlled by internal
clock, programmer steps from one
channel to next on logic 1 to logic
0 transition of this signal. If PAM
is used, analog data is sampled
during positive half of INT CLK
OUT waveform.

STROBE Controls analog data sample period
in PAM output circuit. When
strobe is logic 1, PAM circuit
samples analog signal. When strobe
is logic 0, PAM circuit is 0 volts.

X, Y, Z OCTAL Three digit octal code which con-~

CONTROL SIGNALS trols power and analog switch
matrices. Unique channel position,
0 through 127, designated by this
code. Logic levels shifted to be
compatible with switch matrices
requirements. Logic 1 = +5 x2
volts. Logic 0 = =15 1.5 volts.



COUNTER BINARY Seven-bit binary code which indicates

' ouT present channel position. Normally
connected as required to stop inputs
(S1-S64), these seven lines may be
connected also to an external display,
etc., which can then monitor the
position of the programmer.
Logic 1 = binary 1, logic 0 = binary
0 (true outputs).

SYNC OUT Used to synchronize PAM output to
external test equipment. This
signal is a positive pulse occurring
during the last half of channel N-1
and both halves of channel N, where
N is the last channel before restart-
ing. DPositive level = logic 1, normal
level = logic 0.

2.2.8 PAM Output Circuit
The PAM output circuit converts the output of the analog switch

matrix into an IRIG specified PAM wavetrain. Typical input/output wave-

forms, together with the block diagram, are shown in Figure 10.

vV, is the multiplexed analog signal from the output of the analog
switch matrix. Figure 10(b) shows an example waveform in which channels
0 and 1 are full scale and zero, respectively, and channels 82 through 87
are an increasing staircase with one volt pedestals. The PAM output
circuit samples this waveform during the last 50 percent of the channel
period as ON period; however, the difference is only academic. The
waveforms are identical. This circuit performs an algebraic manipulation

on the analog signal according to the equations:

v

{1

3 0. 8Vl +1.0 (ON period) (1)
V3 =0 (OFF period) (2)

such that a zero level analog signal is presented as a 1 volt output and a
full-scale, 5 volt level is presented as a 5 volt output. The strobe signal

from the control logic section is shown as v, in Figure 10(c). When this
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signal is at logic 1 level, Equation (1) applies. When V, is at logic 0
level, Equation (2) applies. The resultant output is shown as Vg in
Figure 10(d).

The last two channels, shown as channels 88 and 89, are reserved
for PAM wavetrain synchronization or frame identification. The IRIG
specifications require that the last 50% of the next to the last channel, 88,
and all of the last channel, 89, be held at +5 volt, as shown in Figure 10(d).

The PAM output circuit specifications are as follows,.

2.2.8.1 Synchronization

The PAM synchronization pulse shall be internally generated with
an amplitude of 5 volts 1 percent and shall occur during the ON time of
the (N-1) channel and during the ON and OFF time of the (N) channel,

where N denotes the last programmed channel.
2.2.8,2 Duty Cycle
The PAM duty cycle shall be 50 +3 percent where

ON Sample Period

Duty Cycle = Channel Period

2.2.8.3 Channel Period

The PAM channel period shall be 1110 50 psec. For a full 90-

channel system, the frame rate is 10 frames per second.

2.2.8.4 Zero Data Pedestal

With a channel input of zero volts, the PAM pulse amplitude shall
be 1 +0.050 volt.

" 2.2.8.5 Full Scale Output Amplitude

For a full scale amplifier output voltage of +5. 000 volts, the PAM
pulse amplitude shall be +5 +0. 050 volt.
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2.2.8.6 Pulse Amplitude Stability

The amplitude of any PAM channel output pulse shall remain constant
within +1 percent of full scale under all electrical and environmental

conditions specified.

2.2.8.7 OFF Time Voltage

The level of the PAM output between sample periods shall be
zero +0.050 volt.

2.2.9 Power Source

The power source converts the 28 volt unregulated battery voltage
into five regulated voltages; vV to provide a precise reference voltage,
V, to power the gated transducer regulators, Vs and V, to power the
gated modifier regulators, and V5 to power the control logic. Figure 11

shows the block configuration.

A microminiature power converter provides electrical isolation
(transformer coupling) and pre~regulation. This direct compensation,
pulsewidth modulation converter operates at 200 kHz switching rate. No
overall feedback loop is used. The four converter outputs are further
conditioned by the RR, TPR16, MPR38, MPR16, and LR series regulators
to insure excellent line regulation and ripple rejection. If overall feed-
back is included in the converter (as proposed future models will), these
series regulators will not be required, except for the RR reference
regulator, thereby increasing the efficiency of the power source. Table V

gives the input-output specifications of the power source.

a) Input. The power source shall be powered from an external
battery. The characteristics of this battery are as follows:

° The voltage is between 22 and 32 volts with 28 volts being
nominal.

] There is a possible maximum 4 volt peak-to-peak ripple
(de to 2 kc square wave) impressed upon the battery voltage.
The battery voltage, including the ripple, will be between
22 and 32 volts.
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Figure 11. Power Source Block Diagram
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e There is a possible transient on the power line that may
reduce the battery voltage to as low as 0 volts or increase
it to as high as 43 volts. This transient has a 20 millisecond
basewidth duration and an 8 millisecond rise time.

e The circuitry connected to the battery is required to survive
this transient, but the specification performance is not
required. Operation shall return to normal within 100 micro-
seconds after the duration of the pulse.

b. Outputs

TABLE V. POWER SOURCE INPUT/OUTPUT SPECIFICATIONS

Voltage 32&?;;6 Current Drawn
Minimum Typical Maximum Stability Minimum Typical Maximum
vy 4.980 5.000 5.020 0.4% 100 ua
V2 15.5 13.0 16.5 3% 33 ma 67 ma
V3-—V4 37.0 38.0 39.0 5% 18 ma 26 ma
A% V4 15. 35 15.5 15.65 1% 18 ma 26 ma
Vi 4.8 5.0 5.2 4% 40 ma 60 ma

The min-typ-max output voltage specifications include effects due
to line, load, and temperature variations in addition to initial setting.
The maximum current drawn from the VZ’ V3, and V4 terminals is
determined by the switching mode selected for the gated regulators.

For instance, minimum current is drawn if neither the GTR or GMR are
turned on in advance of the channel period. Maximum current is drawn

if both the GTR and GMR are turned on in advance (see Section 2. 4).
2.3 CONTROL L.OGIC DESIGN

The major subsections of the control logic as shown in Figure 12,

are:

a) Internal multivibrator and clock select logic
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b) Seven-bit binary sequence counter
c) Octal decoder and level shifter
d) Parallel input control

e) Sequential start-stop control (includes output buffers, N-1
coincidence circuit, and parallel input gates)

f) Strobe circuit.

Particular attention has been given tothe choice of logic elements or
basic building blocks. Low-power diode-transistor logic (DTL) in the form
of NAND gates is used throughout the control logic (1 mw per gate, 4 mw
per flip-flop). This provides high noise immunity as well as excellent

speed characteristics. Section 3.4 gives the circuits.

The master-slave technique is employed with the flip-flops so that
all logic throughout the system is directly coupled and does not require
specific rise and fall times. Since no ac coupled inputs are used, the
operation of the logic depends only upon voltage levels. Therefore, the
system behavior is relatively independent of waveshape, requiring only
that the proper voltage levels be maintained. All outputs employ buffer
amplifiers to increase their drive capability and to isolate externally
generated noise from internal logic. All inputs are short circuit proof.

A brief description of each section follows,

2.3.1 Internal Multivibrator and Clock Select Logic

The internal multivibrator clock oscillates at 1800 Hz 3 percent
and drives a divide-by-two flip-flop, as shown in Figure 13, to develop
a 900 Hz clock signal. The resultant channel period in the automatic
sequential mode is 1110 sec and the programmer frame rate is 10 frames
per second. Buffer amplifiers isolate the flip-flop output from the INT
CLK OUT. An INT/EXT CLK signal selects the internal or an external
clock. Switching rates up through 100 kHz can be used via the external
clock input.
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Although it is not required by the sequence counter, the CLK output
is used elsewhere by the strobe circuit, and thus the multivibrator output
is chosen twice frequency and divided by two in order to obtain the precise
50 percent duty cycle CLK line required by the strobe circuit. By
selecting the external clock, a means for synchronizing the scan rate of

the programmer to external equipment is afforded.

2.3.2 Seven-Bit Binary Sequence Counter

The heart of the control logic is the sequence counter, shown in
Figure 14. Its function is to generate coded outputs used by the decoder
and output buffers to determine which channel has been selected for
connection to the output circuits. As a éynchronous serial-carry binary
counter, it uses sever dc flip-flops to generate 14 binéry coded lines
(7 true, 7 false) which are fed to the decoder and output buffers. Use
of a synchronous carry (clocked) technique, rather than a ripple carry,
effectively eliminates the unwanted decoding spikes caused by the delays
inherent with a ripple carry counter. The counter may be advanced
serially one bit at a time (and, consequently, one channel at a time) by
trigger pulses occurring on the CTR INPUT line, or alternatively, it
may be jam-set to any binary code by energizing the appropriate outputs
of the parallel input gates. The only restriction to controlling the
counter is that the serial and parallel inputs do not occur at the same
time. Note that with seven bits the counter can assume up to 128 unique

states, thus corresponding to a maximum of 128 channels.

2.3.3 Octal Decoder and Level Shifter

The outputs of the counter are connected to the octal decoder, as
described in the previous paragraph and shown in Figure 15. The decoder
takes the first three least significant bits and converts them into an octal
number between 0 and 7. At the same time, it level shifts the signals to
voltage levels that are compatible with the MOSFET switch matrices.
These eight output lines are designated X0 through X7. Similarly, the
next three bits are converted to eight lines designated YO through Y7,
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while the last, most significant bit is converted to lines labeled Z0 and Z1.
By combining one X line, one Y line, and one Z line in an AND arrangement,

such as is done in the switch matrices, it is possible to decode the original

sevel bits into 128 unique lines.

2.3.4 Parallel Input Control

The sequence counter is controlled from either parallel or serial
inputs. When operating in the parallel mode, the serial input is inhibited
and all changes to the state of the sequence counter must occur by jam-
setting (forcing the counter to assume a selected one/zero code) to the
desired channel number as determined by the parallel input gates. These
gates are used to transfer a 7-bit input code into the counter whenever the
GATE ENABLE line is energized. In the parallel mode of operation, the
GATE ENABLE line is activated whenever the PARALLEL LOAD line is
activated, and in this capacity serves as a strobe on the input lines, thus
preventing unwanted switching transients from adversely affecting the
sequence counter. The absence of the strobe also serves to disconnect
the parallel input lines from the counter in cases where the input lines are

changing, but is is not desired to change the state of the counter.

2.3.5 Sequential Start-Stop Control

In the sequential (or serial) mode of operation, the sequence counter
is advanced serially one channel at a time by performing a countdown of
the trigger pulses occurring on the CTR INPUT line. The CTR INPUT
line is logically equivalent to the CLK signal, except that it can be gated
OFF by an internal or external inhibit line. Either internal or external
clock pulses are used to generate the CLK pulse train, which, in turn,
generates the CTR INPUT trigger pulses. Selection of clock sources is
provided by choosing the proper logic level for the INT/EXT CLOCK line.

The outputs of the sequence counter are connected through buffer
amplifiers to an external connector. Furthermore, the inputs to the
N - 1 coincidence circuit are also made available at the external
connector. Normally, external connections are made between the buffer
amplifiers and the coincidence circuit. The coincidence circuit will
generate three outputs (SYNC, INT INH, RESTART) whenever its inputs

are all equal and at their active level. This means that by proper selection
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of external connections, the coincidence circuit can be made to generate
its outputs on any channel corresponding to the code provided by the buffer
amplifiers. The SYNC output is used by the strobe circuit and the analog
out'put circuits in order to generate the required PAM format. The

INT INH output is used to inhibit the CTR IN signal during the time interval
set aside for jam-setting the counter from the parallel input gates. The
RESTART output serves the same purpose during serial operation as the
PARALLEL LOAD line does dur ng parallel operation; it generates the
GATE ENABLE sgsignal which in turn causes the counter to set to the code
connected to the seven input lines of the parallel input gates. This action
occurs during the time interval corresponding to the second channel after
that selected by the N - 1 coincidence circuit. To illustrate this operation,
suppose the binary code for channel 88 is connected to the N-1 coincidence
circuit, and the code for channel 00 is connected to the parallel input
gates. Then, the operation is as follows: The sequence counter will
advance to channel 88 (the Nth - 1 channel), continue on to channel 89

(the Nth or stop channel), and then restart on channel 00 (the Nth + 1 or
start channel). It will continue to advance one channel at a time from 00
to 89 and then repeat the cycle. Thus, by programming the binary code

at the inputs to the N - 1 coincidence circuit and the parallel input gates,
the programmer can be made to scan any number of channels between a

selected start channel and a selected stop channel.

2.3.6 Strobe Circuit

The strobe circuit generates the STROBE command fed to the analog
output circuits. Its function is to sample the analog data during the time
that it is in its active state. For the PAM format, this occurs during the
second half of the each allotted channel period. For other formats, the
strobe may vary from this 50 percent duty cycle. It is the function of
the strobe circuit to permit maximum flexibility in selection of the proper

strobe circuit.

The strobe circuit consists of an OR gate and a strobe select logic.
The OR gate combines the CLK signal (which may be generated either
internally or externally as described earlier) with the SYNC signal



(active during the last half of channel N - 1 and both halves of channel N)

in order to provide the signal INT STROBE. The SYNC signal is required
in order to be compatible with PAM measurements. The strobe select
logic produces the strobe output signal which is logically equivalent to
either the INT STROBE or to an externally connected EXT STROBE

signal. Selection of strobe sources is provided by choosing the proper
logic level for the INT/EXT STROBE line. An additional input to the

strobe select logic will override the internal or external strobe and produce
a steady active output for the strobe line. This permits sampling analog

data on a 100 percent basis.
2.4 SYSTEM SPEED AND POWER

Gating ON a signal modifier and/or a transducer one channel time
in advance will triple the maximum switching rate at the expense of
43 percent increase in power. This relationship of speed and power is

illustrated in Figure 16.

The signal modifier is assumed to stabilize within either 150 sec
or 15 sec depending on the bandwidth selected; 10 kHz or 100 kHz,
respectively. (See Section 2.2.2.) The primary disadvantage of the 100
kHz bandwidth is the resultant noise. With reference to Figure 16, note
that a 100 kHz maximum switching rate is obtainable. This high switching
rate may be particularly useful in a PCM adaptation of the Power Pro-
grammer. An IRIG specified PAM wavetrain requires a low switching
rate of 900 Hz. In this application the Power Programmer does not
require a channel to be turned ON in advance. Figurel6 also indicates
the input power-speed relationship. The system power budget is shown

in Table VI.

The maximum switching rate is controlled by the amplifier settling
time. The specified setting times assume the Power Programmer in the
sequential mode of operation. If an amplifier is switched ON in the
parallel (or random access) mode, the settling time may be as great as
1 to 5 minutes due to long thermal time constants. In the sequential mode,
however, a thermal steady state condition is obtained, allowing the

settling times to be reduced to 15 sec for a 100 kHz bandwidth.
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TABLE VI.

SYSTEM POWER BUDGET

Case 2

Two GTR ON
One GMR ON

Case 3

Two GTR ON
Two GMR ON

Case 1
One GTR ON
One GMR ON
Transducer 300 mw
GTR dissipation 215
GTR input 515
Signal modifier 180
GMR dissipation 125
GMR input 305
Output Circuit 380
LSG 185
Control Logic 230
Net Power 1615
Into Pre-regulators? 2700
Total Input Power %% 4590 mw
Could be reduced to (2200 mw)

600 mw

395

180
125

995

305
380
185
230
2095

3500
5820 mw

(3000 mw)

600 mw

395

360
175

995

535

380

185

230
2325
3880
6460 mw

(3380 mw)

>FAssurnirlg 60 percent efficiency

" Assuming 60 percent efficiency

With respect to Table VI, the system power input can be reduced in

the following manner:

a) If negative feedback was applied to the power converter, the
regulation performance would be significantly improved
allowing the series preregulators to be removed.

b) The output circuit uses Fairchild 709 amplifiers (for

expediency).

circuit could be reduced from 380 to 130 mw.

If these amplifiers were replaced with 50 mw
dissipation circuits (a TRW integrated amplifier modified
for low power consumption), the input power to the output

If the above modifications were made, the total power input for one

GTR and one GMR ON at a time) could be reduced from 4500 mw to

2200 mw.



2.5 SYSTEM ERRORS

Table VII lists the system error components. The contract speci-
fications consider components 1 and 2. The RMS and Peak Net Error is
below the specified 1 percent error. The complete system includes

components 3 and 4.

TABLE VII. SYSTEM ERRORS

Item Component RMS Error (%) Peak Error (%)
1 Analog Switches 0.17 0.2
2 Output Circuit 0. 36 0.76
Net Error 0.40 0.96
3 Transducer Excitation 0.5 0.5

Signal Modifier

Total System Error 1.5
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3. CIRCUIT DESIGN

3.1 GATED REGULATORS

3.1.1 Circuit Principles

This section describes the circuit mechanization and the integrated
circuit design of the functional block described and specified in Sections
2.2.3 and 2.2.4. The following discussion applies to both the GTR and
GMR, since the organization of both circuits are similar. Figure 17

shows the general circuit approach used to meet the specifications.

Vio SR,
! X‘..! Qp '3
Rg
47/0-—@—
A
GATE 0l
PRE-REGULATED,
GATED, PNP, |
CURRENT GENERATOR 2R
Vz% ﬁ’.)V4

Figure 17. Grated Regulator Circuit Organization

Differential amplifier, A, maintains the junction of RB and RC at a
reference voltage by controlling the base voltage of QA. Conventional
regulators use a resistor from the base of the series regulating element,
QA’ to the positive supply potential, Vl' Instead, a pre-regulated PNP-
current generator replaces this resistor for three reasons:

a) A PNP-current generator offers ease in gating, with
the additional feature of the input power approaching

zero during the OFF state. This is necessary to mini-
mize the total system power input.

3-1



b) For given bias conditions, the dynamic collector
impedance of the current generator is considerably
larger than a conventionally used resistor. The
feedback loop gain, which is directly proportional
to this impedance, is therefore increased.

c) The preregulation aspect of this current generator
further isolates the remaining circuit from the effects
of input line voltage variations, thereby increasing the
line regulation.
Transistor, QB, is a saturating switch which disconnects the
negative line during the OFF state. Resistor RA supplies base current
only when the regulator is ON. Thus when the gating signal turns the

current generator OFF, both QA and QB are turned OFF.

Figure 18(a) shows the preregulated, gated, PNP-current generator.
The output current is controlled by the voltage across RD’ whichis approx-
imately equal to the voltage across RE' The forward biased emitter-base
junction of QD is used for temperature stabilization. The reverse emitter-
base breakdown voltage of QE stabilizes the voltage across RE and RF’
and therefore regulates the output current against changes in input line
voltage. The current generator is ON only when the switchis closed, which

in turn is controlled by the gating signal.

A lateral geometry, side-injection PNP transistor is used in the
monolithic integrated regulator circuit because of the relative ease in
fabricating the device in the same substrate with NPN transistors. How-
ever, the disadvantages of such a structure include low current gains
(=1 -5) and poor frequency response. Therefore, the composite struc-
ture shown in Figure 18(b) is used in place of QC because the effective B

of the pair is the product of the g's of QF and QG'

The fabrication of the side-injection PNP transistor with buried
layer epitaxial techniques presents difficulties in maintaining low substrate
leakage currents and low substrate parasitic PNP #'s. To circumvent
these problems, the dielectric isolation process was selected as the
appropriate technique for regulator substrate fabrication. A common
substrate type (MCD3) is used for all regulators. Each regulator circuit
type is fabricated by applying unique resistor and inferconnect masks to

the dielectrically isolated MCD3 substrate (see Section 4. 2.2).
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Figure 18, Regulator Current Generator Schematic



3.1.2 Gated Transducer Regulator

The gated transducer regulator schematic is shown in Figure 19.
Logic gating signals are applied to P2 and/or P3. If either Q4 or Q5 are
turned on, the PNP-current generator is turned on. (Note that numerous
fuse links, which are shown on the schematic, must be blown before the

regulator can be gated. It will be assumed that these links are open.)
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Figure 19. Gated Transducer Regulator Schematic

Transistor Q1 monitors the voltage across the resistor R5. Ql is
normally OFF, but during an overcurrent condition, Q1 will start to turn
on, thereby turni'ng off the current generator. This limits the short

circuit current to a value approximately double the nominal current level.

Resistor R11 is included in the composite PNP structure (Q6 and

Q7) to minimize the turn-off time. Transistor structures Q8 and Q, are

9
used as roll-off capacitors to dynamically stabilize the closed loop feed-
back circuit. Emitter follower, le, drives the series regulating tran-
sistor, Q13. Transistor, QlO’ is turned on and off via the current

provided by R13. This resistor is connected to the emitter of Ql to

2
stabilize and increase the operating current of le.
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The emitter-base junction of Qll is reverse biased and used as a

voltage reference diode. The typical parameter distributions are

BVBEO = 6.5 to 9.5 volts (3)
a_B...Y__BlEﬁ = 3 to 5 &Y (4)
oT 5c

Resistive.divider, R15 and Rlé’ is adjusted to develop a voltage
temperature coefficient at the base of Q14 which is exactly equal and
opposite to the temperature coefficient of the forward-biased emitter-
base junction of Qlé' This establishes the base voltage of Qlé constant
with respect to temperature. The regulator output voltage is then adjusted
precisely to 10. 00 volts by increasing ng. This procedure allows the
output voltage temperature drift and offset to be independently selected,

thereby simplifying the adjustment procedure.

Table VIII indicates typical performance data for the GTR. Section
5 includes measured data on the twelve GTR circuits used in the breadboard
model. The temperature performance is limited only by the nonlinearities
and resolution of the resistor adjustments. The circuit was designed to
drive either a 350 ohm or a 175 ohm transducer. For the latter case,
care must be given to the package thermal characteristics to insure proper

performance at +95°C.

Figure 20 shows the assembly drawing of the GTR integrated circuit
which incorporates the dielectrically isolated MCD3 substrate (see Section

4 for further informationonthe substrates and the total processing sequence).

QlO and Q13 are large geometry NPN transistors designed to accom-
modate the 60 ma load current demanded by the 175 ohm transducers. The
lateral geometry of the three types of transistor structures are described
in Section 4.2.2. The cermet resistor line widths are typically 0.6 mil

with 0.8 mil spacing. The metal line widths are 1 mil.



TABLE VIII. GTR CHARACTERISTICS
Power 30 ma Load 60 ma Load
PD (dissipated) 215 mw 395 mw
PO (output) 300 mw 600 mw
PI (input) 515 mw 995 mw
€ (efficiency) 58% 60%
?_.\_/;Q <2 my
V. T 7 volt
I
ov
© <300 ¥
0T C
ov
o B2V
51 = 200 ma

3.1.3 Gated Modifier Regulator

The gated modifier regulator schematic is shown in Figure 21. This
circuit operates according to the GTR description in Section 3.1.2 except

for the following points:

a) Both the positive and negative output voltages must
collapse to zero potential during OFF. This is
necessary to reduce the signal modifier power dissi-
pation to zero during OFF.

For this reason, the triple emitter follower cascade,
Q12 - Q13 - Q14, is needed to prevent the emitter-
base junctions from going into breakdown during OFF.
Diode Qj¢ is needed to prevent the base-collector
junction of Qj7 from being forward biased during OFF.

b) The output voltage and its temperature coefficient is
controlled in a different manner. Q;g and Q)9 provide
a variable linear temperature dependent current into
the junction of Ry5 and Rjg. Adjustment is accom-
plished by increasing Ry7, R4, and/or Ryg.

3-6
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Table IX indicates typical performance data for the GMR. AppendixC
includes measured data on the twelve GMR circuits used in the bread-

board model.

Figure 22 shows the assembly drawing of the GMR integrated
circuit which also incorporates the dielectrically isolated MCD3 substrate
with evaporated resistors and aluminum interconnect. See Section 4 for

further information on the substrates and the total processing sequence.

TABLE IX. GMR CHARACTERISTICS

PD (dissipated) - 125 mw.
PO (output) - 180 mw.
PI (input) - 305 mw.

€ (efficiency) - 59%

W—O < 4 mv
oV volt
I

aVO mvsk
— .3 5

oT C
8VO mv
—_— < 1,5 —
E)Ii ma

3.2 SWITCH MATRIX

3.2.1 MOSFET Integrated Switch

The MOSFET transistor was chosenas the switchingdeviceinthe
analog switch matrix described in Section 2. 2. 6 because of the following
MOSFET properties:

a) The source-to-drainoffsetvoltage in the ON stateiszero.
b) The source-to-drain OFF impedance is extremely high

(being limited primarily by the semiconductor leakage
currents).

*This number can be reduced to 500 %‘é— or better by further adjustment.
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c) The gate is isolated from the source and drain by a
silicon dioxide insulating layer. The gate input
impedance is therefore extremely high (>1010 ohms),
thereby providing a high degree of isolation between
the analog signal path and gate control voltage.

The same device was chosen for the power switch matrix because
of the compatibility of logic control signals. Figure 23 is the schematic
representation of the integrated five p-channel enhancement mode
MOSFET transistor array. The drains are connected in common with
the sources and gates brought out separately. The Zener diodes con-

nected to the gates protect the MOS devices from catastrophic gate

breakdown due to accumulated static charge.

Figure 24 shows the integrated circuit assembly drawing of the
MOSFET array. Note that the protection diodes are placed just below
the top row of interconnection pads. PZ is used to make contact with

the substrate via the top of the die. Pads P4, Pé’ P8, PlO’ and P12

PlA and PlB

are the common drain connection. The small pad near the MM-1 identi-~

are gates. Pads P3, P5, P7, P(), and P11 are sources,

fication mark is used to measure the breakdown characteristic of the

gate.

The measured minimum/typical/maximum parameters are
compared with the system design specifications in Table X. Note that
every measured worst-case parameter is better than the specified value.

The following definitions apply to Table X:

VDS = DC drain-to-source voltage at saturation
VDS(ON) = Drain-to-source ON resistance

BVDSS = Drain-to-source breakdown

BVGSS = QGate-to-source breakdown

BVSDS = Source-to-drain breakdown

VGST = Gate source threshold voltage

IDSS = Drain leakage current

ISDS = Source leakage current

IGSS = Gate leakage current

3-11



TABLE X. SUMMARY OF TEST DATA - MOSFET!'S FOR USE
IN MMG GATE CIRCUIT

T = 25°C unless noted otherwise. Measured Values
Characteristic Conditions Specification | Minimum  Typical Maxiraum
- |
VDS(offset) ID = ~100na =500y Note 1
rDS(on) VGS = ~15V, IDS = ~100pA <500% 25082 350Q 450Q
BVDSS ID = «10pA, VGS =0 230 v 35 v 40 v 45 v
BVGSS IGS = -10pA, VDS =0 230 v Note 3
BVSDS IS = -10pA, VGD =0 230 v 35v 40 v 45 v
VGST VGS = VDS’ ID = ~10pA 23 v 3.45 v 3.6v 5.0 v
ihss Vps = <5V, Vg =0 T = 105°C <500 na 56 na 75 na 82 na
Lins Vgp = =5V, Vgp 20 T=105°C 5500 na 45 na 60 na 82 na
_ _ o
IGSS VGS = =15V, VDS =0, T =105"C Note 1
CSSb VSSB = iV, VGSB = VDSB =0 5 pf 3.09 pf Note 4 3.58 pf
Casb Vpsg © ~1Vs Vo = Vgsp = 0 <5 pf 3.22 pf Note 4 3.26 pf
cgsb VGSB = -1V, VSSB = VDSB =0 <5 pf 3.26 pf Note 4 3.86 pf
gps VDS = =10, VGSl = -10 Not Req'd 1200 pmhos 1700 pmhos 2200 pmhos
VGSZ = -11
;s = Vs “Vasz
Notes:
1. Values negligible; too small to measure on existing equipment
2. Substrate connected to GND for all tests.
3. Since actual breakdown is destructive, units were checked for breakdowns z 35 volts.
4. Insufficient number of samples to determine typical values.
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Figure 24, MOSFET Transistor Array Assembly Drawing
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CSSb Source-to-substrate capacitance

C

]

Drain-to-source capacitance

dsb
Cgsb = Gate~to-source capacitance
gpg = Transconductance

An equivalent circuit of the MOSFET is shown in Figure 25.

Cod
GATE T e * . l 0 DRAIN
t <t e 4: . .
9 3 =S Yisl%g $'d kegs —H © BODY
l +
SOURCE ¢ “ : . —0SOURCE

Figure 25. MOSFET Equivalent Circuit

3.2.2 Analog Application

Figure 26 shows a section of the analog switch matrix which will be
used to discuss the worst-case performance. The primary factors con-
tributing to analog errors are offsets due to leakage currents and attenu-
ation due to ON resistance. Assuming that Ql’ QZ’ and Q3 are ON and all
other MOSFET are OFF, the equivalent schematic of Figure 27 is used to

calculate the worst-case offset due to leakage currents.

With reference to Figure 15, the five-channel MM-1 circuits are
organized so that each group of eight devices in the X level and the associ-
ated Y level device are mechanized with two flat packs. The X and Y levels
are therefore mechanized with 22 flat packages, with one unused device

contributing to leakage currents for every two packages. This explains



the eight ISDS current component. The Z level is mechanized by one

MM-1 flat package, explaining the four ISDS current component.

Fem——————
|
. |
Q] Q2 _ Q3 |
1L 1L 1T i
TYPICAL SIGNAL T I I | T
MODIFIER |
—-—0—— —¢ - |
|
R
o | | (2 TOTAL) LPAM OUTPUT CRCUIT
[+
—_—o
(8 TOTAL) (8 TOTAL)

Figure 26, Section of Analog Switch Matrix

Vo
VDS (ON).
Qq
R < 10 OHMS Ry > 5x10° OHMS
(SIGNAL MODIFIER) - (PAM OUTPUT
~CIRCUIT)




The worst-case offset error voltage caused by leakages (at lOSOC)

is expressed as:

AVE

where

such that

assuming

ISDS

Rpsion)

AV
3

The gain error due

as.;

1

Offset error

I,V

1Vpsiony T 2V

2Vpsiony T 13V

3 "DS(ON

(I + I, + )V

2 DS(ON)

I

SDS =51

T 4lgps SDS

I

3 I

DSS 131

SDS
221gng * 21564

ps T 31pss!Vpsion

+ 1

+ 8l DSS

S+

I, + 9gpg + Ipgs

(40Ig (5)

— o
IDSS = 200 na at 105°C

500 ohms

8.6 mv = 0.17 error (with reference
toa+5voltfull scale signal)

(6)

to resistive divider attenuation is expressed

gain error, attenuation factor due
to the analog switch matrix

R

R 1

1

R.+ R, + 3V

1

Errordueto G

3

0.

0.

(7)

1+ Ro psonN)  Ri1t 3Vpson

997, assuming R1 = 5x J.O6 ohms

A\ ) <500 ohms

DS(ON

03 percent (8)

The timing of the gate drive signals creates a short duration over-

lap (approximately 400 nanoseconds) as the analog switch matrix switches

from one channel to the next.

consistently low source impedance for the PAM Output Circuit.

This overlap is desirable as it provides a
If this

3-17



overlap did not exist, the PAM Output Circuit could lockup due to a tran-
sient open source impedance. The reason for this overlap is described

in Section 3. 2. 3.
The issue of maximum commutating speed is covered in Section 2. 4.

3.2.3 Power Application

Figure 28 shows an X-Y-Z level and function of the power switch

matrix, together with the MOSFET drivers and the gated regulators.

Z4 Yo X9

3.3
! : GATED REGULATORS
‘ EREREEEEEEEEE

MOSFET | +5 o Z.LEVEL]Y LEVEL| X LEVEL 3K Ly
SWITCHES ° Lﬁ_ — — ] GTR

|

|

L

LEVEL SHIFT
GATES
64 3 1
N-1 16 2
INT INH 332 7
OPTIONAL

CONNECTIONS

Figure 28. Section of Power Switch Matrix and Associated Circuitry
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The circuitry associated with switching channel 64 is shown. Included
is an option of-simultaneously turning on channel 65 GTR and/or GMR
regulators for preheating the next channel. This subjectis discussed also
in Section 2.4. Four gated reguiators are shown because this represents

a worst-case design configuration.

The resistor values were chosen, on the regulator gate inputs, to

insure adequate base drive under conditions of:
a) +5 volt supply voltage minimum of +4.5 volts
b) Maximum MOSFET ON resistance of 1500 ohms

¢) Minimum temperature of -400C, producing maximum
VBE voltage

d) Maximum resistance values of 10 percent high

The turn-off time of the LSG circuit is approximately 400 nanoseconds
longer than the turn-on time. There arises, therefore, cases in which
crossover pulses turn on the regulators for a short period of time. (Pulses
of a few microseconds duration are observed at the regulator outputs.)

For instance, if the 21 and ?0 lines are turning on while the _}EO is turning
off, there will be approximately a 400 nanosecond period in which all three
MOSFET transistors are turned on. This overlap condition is not desirable
in the power switch matrix, but it is needed in the analog switch matrix for
reasons explained in Section 3.2.2. As long as these false ON pulses are
very short duration, there will not be a significant increase in system
power consumption or any operational fault. This condition is, therefore,
not considered a problem.

3.3 CONTROL LOGIG
3.3.1 General Integrated Circuit Modules

The Power Programmer control logic is constructed using four
basic digital building blocks. All four are manufactured by Fairchild
Semiconductors and are available as off-the-~shelf items. Two of the four,
the 9040 flip-flop and 9042 dual NAND gate, are from the LPDTuL series
specifically designed for low power applications, such as required by the
Power Programmer. The other two, the 946 quad NAND gate and the 933
dual extender, are from the DTpL 930 series. The manufacturer's speci-
fications for all four circuits are included as part of this report and con~

tain all pertinent information as to pin connections, physical size, electrical
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parameters, etc. The description that follows will therefore be limited
to only those features which are not contained on the circuit specification
sheets. In certain cases, sections of the specifications will be repeated,

but only for clarification purposes.

3.3.1.1 9040, 9042 LPDTuL Circuits

The 9040 clocked flip-flop and 9042 dual 3 -input NAND gate are
both described in the composite LPDTpL low power diode transistor
micrologic specification sheet. Page 2 contains the circuit diagram, pin
connections, and truth tables for the clocked flip-flop. Page 4 contains
similar data for the dual 3-input NAND gate. Both of these circuits utilize
a modified DTL circuit as their basic element. The significant feature
about these circuits is their power dissipation; the flip-flop dissipation
is typically less than 4 milliwatts, while the NAND gate is typically less
than 1 milliwatt. This property along with their excellent noise immunity
(guaranteed greater than 450 millivolts) were the two main reasons for

choosing the Fairchild LPDTuL series for use in the Power Programmer.

Operation of the NAND gate is such that if all three inputs are high
(i.e., >3 v) the output voltage is low (i.e., <0.5 v). Since the Power
Programmer uses the positive logic convention, i.e., logic 1 = high
voltage, logic 0 = low voltage, this means that the NAND gate output is at
logic O only when all three inputs are at logic 1. If any one of the three
inputs is at logic 0 (<0.5 v), the NAND gate output will be at logic 1 (>3 v).
Note that because the circuit is constructed using the modified DTL circuit
an input connection disconnected is the same as a logic 1. Thus, if one
input is high and the other two inputs disconnected, the NAND output will
be at logic 0.

The 9040 clocked flip-flop (see page 2 of specification sheet) is in
reality two flip-flops connected in a '"master-slave' combination. The
flip-flop is capable of operation in either the J-K or R-S mode, both of
which are described in the truth tables shown on page 2. The flip-flop
will operate in either a synchronous or asynchronous mode. In the
synchronous mode, data is entered through the Set (Sl, SZ) and Clear
(Cl’ CZ) gates. This is shown in Figure 29, which is a more detailed
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Figure 29. 9040 Clock Flip-Flop Schematic

drawing of the basic flip-flop symbol, as shown on page 2 of the speci-
fication. During the time the clock pulse (CP) is at logic 1, data on the
Set and Clear inputs is transferred to the '""master' flip-flop. When the
clock pulse transition from logic 1 to logic 0 occurs, this data is trans-
ferred from the master flip-flop to the slave flip-flop. In the asynchronous
mode, unclocked data is entered directly via the Set Direct (SD) and Clear
Direct (CD) inputs. These inputs are activated when brought to the logic

0 level and will override the conditions present on the clocked inputs.

Note a logic 0 on both inputs simultaneously is a forbidden condition.

3.3.1.2 946 Quad Gate

The 946 Quad 2-Input Gate is used in the Power Programmer as an
output buffer or power NAND gate. Used as a power NAND gate, it can
drive up to 24 LPDTpL circuits. As an output buffer amplifier, it has
the capability of providing up to 10 milliamps of sink current to external
circuits. Its logic operation is identical to that of the LPDTpL NAND
gate, except that it has only two inputs instead of three.

3.3.1.3 933 Dual Extender

This circuit consists of two sets of four diodes, each set having its

common anodes tied together. It is used to extend the number of input



terms of the 9042 NAND gate. Itis usedonlyonce in the Power Programmer,
to extend the ihputs to the N-1 Coincidence Circuit (see Dwg. X235498,
Logic Diagram, Power Programmer). Complete specifications for the
diode characteristics are given on the manufacturer's data sheet (see

Appendix G ).

3.3.2 Multivibrator Clock

Significant improvements in performance characteristics can be
obtained by making relatively simple changes to a conventional astable
multivibrator. The circuit illustrated in Figure 30 exhibits grveatly improved
temperature and power supply frequency stability while at the same time
produces a longer time interval for the same capacitor size then a con-
ventional multivibrator. In addition, power dissipation is minimized due
to built-in emitter followers since waveforms are not deteriorated even

with large values of collector resistors.

The circuit consists of a modified astable multivibrator coupled to
an output buffer amplifier. The multivibrator operates as follows. Assume
Ql on, Q2 off. QZ will begin to turn on as soon as R5 has charged Cl to
a voltage greater than the forward drop of three base-emitter diodes,
(Qz, Q4, and Q6). The voltage at the collector of Q2 then decreases
rapidly toward ground. This negative charge in voltage cuts off Q10 and,
in addition, is coupled thru capacitor C2 and diode~connected transistor
Qg to the base of transistor Q5. Since the base of Q5 is more negative
than ground, the base-emitter diodes of Q5, Q3, and Ql are reverse
biased and Ql cuts off. Ql off enables Rl to supply current to Q9 which
in turn supplies current thru C1 to the base of Q6' This current reinforces
the original drive current through R5, thus creating regenerative positive
feedback. This condition will remain until R6 charges C2 to a voltage
greater than the forward drop of the base-emitter diodes of Ql’ Q3, and
Q5. At this point, Ql begins to turn on and the entire switching process

is repeated, resulting in Ql on, QZ off, and so on.

Q5 and Q6 function as emitter followers which serve to increase the
current gain and thus minimize the required drive current produced by

Ré and R5, respectively. In addition Q5‘s reverse base-emitter voltage



VDD (+16)
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R2 12 k Q2> Ta-01
R3 57 k G
R4 57 k 4)— TA-OL
R5 120 k Q
R6 120 k Q5
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R9 9 % st TA-01
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fﬁ;} TA-01
83} TA-01

Figure 30, Astable Multivibrator
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breakdown, inseries with that of diode Q3 and the base-emitter of Ql’ is
sufficient to prevent unwanted zener breakdown when the base of Q5 is
driven negative with respect to ground. The same argument applies to Q‘6’

1andC

as rapidly as possible without consuming excessive power as in the case

Q4, and QZ' Q9 and QlO provide an active pull up to discharge C 2
of low value Ql and QZ collector resistors. Diodes Q7 and QS’ in addition
to providing a path for discharge of C; and C,, help to minimize frequency
changes with power supply and temperature variations by compensating

the forward drop of diodes used elsewhere in the circuit. Transistors
Qll’ le, Ql3’ and Q14, along with resistors R7, R8, RlO’ and R9, are
used to form a conventional DTL inverting amplifier. When the collector
of Q2 (i.e., the output of the multivibrator) is near ground, Q14 is off and
the amplifier output is at Vcc' Conversely, Qz off turns Q14 on the ampli-

fier output is at ground.

Stability of the multivibrator frequency with respect to temperature
and power supply variations is achieved by use of diode compensation.
This can be seen by observing the expression for the time interval during
one-half of the multivibrator cycle. During the time interval when Q1 is

on, this expression is given by

T VBEé(sat)]

BE4(th)]

T = R.C. In Zvcc-[VBEZj;sat)+ VBE‘]r(sat)
L7 Vee VBEZ(m)T Y
®)]

BE9(sat)” YBE7(sat)’ VCEl(sat)]
* VBE(th)

A corresponding equation can be written for TZ’ the time interval when

QZ is on. For symmetrical components, T, = TZ and the overall frequency

1
is simply

f = = mTTTS = oA (10)



The important thing to note about Equation (9) is that for

' +V =V v

v BE6(sat) = ' BE9(sat)’

v

BE2(sat)” ' BE4(sat) BE7(sat)

zv

v BE2(th)

+V

CE1(sat) BE4(th)T VBE6(th)

(A reasonable assumption considering all diodes and transistors

are processed simultaneously.) Equation (9) then reduces to

2V '
- cc =2V
To = RCypInvy_ v =FRs

Cl In 2 = 0. 694 RSC (12)

1

The result is that the time interval Tl is independent of both VCC and

VBE
condition exists for TZ; Thus the overall period Tto

voltages, depending only upon the values of R5 and Cl' A similar

tal is dependent only

upon R5, Ré, Cl’ and CZ'
This circuit was delivered in discrete component form.

3.3.3 Level—Shift Gate

The basic circuit configuration of the level-shift gate (LSG-05) is
shown in Figure 31. The circuit is a dual, three-input modified DTL
level shift NAND gate consisting of an input diode gate, a common-~base
PNP-NPN combination pair, level-shift stage, and an NPN outputinverter.
In addition to providing three-input gating, the LSG-05 is designed speci=-
fically for converting standard DTL logic levels into the levels required to
drive the MOS multiplex gates. Since the output inverter is switched

between +5V and -16V, the substrate must be biased at -16 volts.

Two output drive options are provided on the LLSG-05 circuit. Fozg
cases where the load capacitance is small, the Vxx terminals are left
open. This results in an output rise time dependent upon (R5 + R()) X CG'
For larger load capacitance, and in cases where power consumption is
not critical, the Vxx terminals are shorted to the V’yy terminal producing

an output rise time dependent only upon R5 x CG'
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Figure 32 shows the integrated circuit assembly drawing. The

electrical specifications are included in Table XI.

The following definitions apply to Table XI.

v Output low voltage, with maximum current I
oL . O
into output
VOH Output high voltage, with maximum current IO
flowing out of output
IR Reverse input diode current with maximum input
reverse voltage applied
I Forward input diode current
ISC Short circuit output current to VBB’ with one or
more inputs at GND
IVCXY Power supply current measured as sum of current
into Vees Vi and Vo pins when all three are
tied together and all inputs are open
IVBB Ps)wer S}lpp].y‘ current flowing out of Vgp pin
with all inputs open
t_ o+ See waveform below
pd
t_ .- See waveform below
pd

The following drawing illustrates the test circuitand input~output waveforms:

tpd TEST CIRCUIT

ViN
INPUT 42,0V —z +2,0V

WAVEFORM

. ,l GROUND
T
P VOH —=i tpd t
-16

ov

QUTPUT -
WAVEFORM Y

Vol Vs
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Figure 32. Level-Shift Gate (LSG-05) Assembly Drawing
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LEVEL SHIFT GATE ELECTRICAL SPECIFICATIONS

TABLE XI.
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3.4 PAMOUTPUT CIRCUIT

The PAM Output circuit schematic is shown in Figure 33. With
reference to the waveforms and specifications given in Section 2. 2.8, the

functional description of the circuit schematic is as follows.

The input terminal (X, 20) accepts multiplexed analog signals from
the analog switch matrix, such as shown in Figure 10(b). Amplifier
number 1 is connected in a noninverting unity gain configuration to provide
an input impedance greater than 100 megohms. The schematic and
specifications of the microamp-709 amplifier, which was used in the
breadboard model, are included in Appendix E. An amplifier with lower
power dissipation is preferred since the PAM output circuit is operated

continuously, but this model was used because of its availability.

Only 12 channels in the breadboard model have analog input con~
nections; therefore, selection of channels other than the twelve presents
an open circuit to amplifier number 1. On the breadboard, to prevent
this amplifier from locking up, a 4. 7 megohm resistor shunts the input
to ground. This resistor would not be needed on a complete programmer

since the source impedance of amplifier number 1 would always be low.

A 1K ohm resistor is included in the unity gain feedback loop to
equalize the source impedances of both inputs, pins 2 and 3, thereby
minimizing effects of base current drift. Two capacitors and one resistor

are used for dynamic stabilization.

Two diodes are connected to the output of amplifier number 1 to
limit the voltage swing to 0 through +5 volts. The 100 ohm resistor
provides current limiting when either diode conducts. The 10. 7K to
43. 2K ohm resistors connected from the amplifier output to the +5 volt
reference potential provide the algebraic manipulation described by
Equation (1) in Section 2.2.8. The MOSFET transistors are series-shunt
choppers driven by two LSG-01 level shift gates from the digital inputs of
terminals (N, 12), R, 14), and K, 9). The MOSFET specifications are
included in Section 3.3.1. The choppers are operated out-of-phase such
that the input of amplifier number 2 is connected either to the analog

input or to ground, Equation (1).
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Amplifier number 2 is also a high input impedance noninverting
unity gain circuit. The 8.25K ohm resistor is included in the unity gain
feedback loop to equalize the source impedance of both amplifier inputs,
thereby minimizing effects of base current temperature drift. Three
capacitors and one resistor are used for dynamic stability. The output
impedance as measured from terminal (16, T) is less than 0.01 ohm.

The power supply lines of both amplifiers are decoupled to prevent
instabilities. The maximum power supply current and power dissipations

are given in Table XII.

TABLE XII. PAM OUTPUT CIRCUIT POWER
SUPPLY REQUIREMENTS

Voltage Current Power Input
+16 11 ma 176 mw
-15.5 11 ma 171 mw
+5R 50 pa - -
+5L 6.5 ma 33 mw

Total . . . . 380 mw

The analog errors introduced by the PAM output circuit are itemized

in Table XIII, assuming the specified system environment.
3.5 POWER SOURCE

3.5.1 Power Converter

Figures 34 and 35 show, respectively, a block diagram and a
schematic diagram of the power converter. This unitis designed to supply
a total of 3 watts. The circuit, consisting of an input filter, a reference
supply, a timing oscillator, and a power output stage, comprises a self-
regulating converter which combines the functions of inversion, line

regulation, rectification, and filtering.

The theory of operation of this circuit can best be described by
referring to Figure 36. The bold line indicates the basic power handling

portion of the circuit. Transistors Ql and Q2 together are alternately



Gain Errors

1

2

DC Errors

10

11

12

TABLE XIII. PAM OUTPUT CIRCUIT ERRORS

Amplifier number 1

10K to 43K attenuator

% of 5 Volts

-0.

+0.

MOSFET series chopper (negligible) -

Amplifier number 2

Total gain errors

Amplifier number 1 due to
Input current differentials

Voltage offsets
+5R reference voltage
MOSFET leakage currents

Amplifier number 2 due to
Input current differentials

Voltage offsets

Total dc errors

Total Errors

3-33

~-0.
Peak +0.
RMS
+0.
+0.
+0.
+0.
+0.
+0.
Peak +0.
RMS
Peak +0.
RMS

001, -0.004
20 , -0.20
001, -0.004
20 , -0.21
0.20
015, -0.015
10 , -0.10
25 , -0.25
012, +0.001
08 , -0.08
10 , -0.10
557, -0.544
0.29
76 , -0.75
0.36
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turned ON for a period of time AT, and OFF for a period AT,. During
ATI’ the input (line) voltage is impressed across windings N_ of trans-
former T, and N1 of saturating transformer T,. An increment of energy
is thereby stored in core TZ' When Ql is turned OFF for a period ATZ,
the current flowing in winding Np of TZ is interrupted. The energy stored
in the core causes the polarity of the voltage across Ns and N_ suddenly
to reverse. The reversed polarity across N_ causes a current flow
through diode Do into capacitor CO and the load. The rate at which power
is delivered to the load is related to the ratio ATl/ATZ of power switch

Ql; by controlling this ratio, the output voltage, EO, can be regulated.

in

Figure 36. Basic Converter Circuit Schematic
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The circuit, consisting of transistors Q2 and Q3, transformer Tl’
and resistors R, and R3, comprises a standard magnetically-coupled
square wave oscillator. The alternate half cycles of oscillation are not
necessarily equal. The period A’I‘Z, during which Q3 conducts (and QZ

and Q, are OFF), is determined by a fixed reference voltage, E In

R
this manner the output voltage can, in principle, be made independent of
input voltage. This is shown in the following equations which assume

ideal circuit components.

For transformer T 1

2d’s N1
ATl = ) (where ¢ _ is saturation flux) (13)
s
E. x10
in
2¢ N
AT, = —2 % (14)
ERxlO
For transformer ’1"2
AN
ATl = ———~——E——8 (where Adis the steady state flux change in TZ) (15)
E. x10
in
A$N
AT, = ——g (16)
E0 10

Combining these equations yields

N N
_ 1 8 . -
Eo = <———-N2> <——-—Np> ER NOTE: Eo is independent of Ein' (17)



Thus, as line voltage increases, the ratio ATl/AT changes in such

2
a manner so as to keep the output voltage constant. ATZ is fixed and
ATl, which establishes the variable ON time of Ql, varies directly with
input voltage. Switching frequency hence varies, being a minimum at

low line.

The circuit shown previously in Figure 35 was designed to operate
at approximately 200 kc at low line (22 vdc). The reference voltage,
which establishes time ATZ, is provided by a low-level series regulator
consisting of transistors Qy and Qj, zener references Q, and Q5, and
associated resistors. Because of non ideal components which can result
in unequal volt-second products applied to cores T1 and TZ’ the regulation
characteristic of the basic converter exhibits a small positive increase
in the output with increasing input line voltage. One reason is the change
in storage time of Q13 under varying line conditions. The additional
circuitry within the referenced supply, consisting of transistors Q() and
Q8 and resistors RlO and Rll’ provides a means of temperature com-
pensation. Adjustment of RlO establishes the desired temperature

characteristic.

The tuning oscillator which provides the variable drive pulse to
power switch Q3 is of standard design. A starting resistor, R,» at the
base of Ql’ establishes reliable starting at all temperature conditions.
The reference supply and the timing oscillator consist of integrated
circuit devices. The timing core is 1/8-mil Permalloy. Because of
the required.power level of 3 watts, a discrete component transistor is

used for the power switch.

The output transformer (and filter reactor) is of the powder Mo~
Permalloy type having a permeability of 160. The output rectifiers are
blocked during the ON time of Ql(ATl). The output capacitors deliver
2 the

output transformer delivers energy to the load and recharges the filter

energy to the load during this variable period. During the time AT

capacitors. Ripple voltage is primarily a function of output capacitance

and load. Microminiature ceramic capacitors and filter chokes are used
for filtering. The rectifier connections shown in Figure 35 provide plus
and minus output levels to the transducer and dc amplifier regulator

circuits.
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The input filter, Tl’ Cl’ clO’ Cll’ and C24, limit the amount of
ripple fed back into the source. Tl is wound with special resistance wire
in order to dampen the filter response at its resonant frequency. Diode

CRl provides reverse polarity protection for the converter.

Efficiency of the overall unit is about 70 percent at an input of 28
vdc. Converter components are designed and/or rated to sustain a
maximum transient input voltage level of 50V. The input filter inductor
Tl is the largest component in the system. Its size is dictated by the

transient susceptibility requirements.

Regulation with line voltage and temperature variations (-350C to
+1ZOOC) is less than 10 percent. Output voltage and drift adjustment is
accomplished by variation of Re and R10 in the reference supply. A
dissipative regulator follows this circuit and performs additional filtering

and regulation functions (see Series Regulators).

Figures 37 and 38 show the physical layout of the Model MPC-1
Converter. Figure 37 shows the converter with the cover attached in
isometric form and also the electrical interconnections between the
three basic subassemblies. These are the passive components, flat pack
assembly, and transformer and diode assembly, as shown in Figure 39,
Figure 38 is an overall layout of the converter and shows the physical
interconnections between the basic components and the printed circuit
board. The printed circuit board is used to perform the majority of
interconnections. The printed interconnecting paths are shown as cross-

hatched areas on the layout drawing.

Figure 39 is a detailed layout of the flat pack lid assembly located
at the top center of the converter package, as shown in Figure 38, It
shows the printed circuit board with the assembled transformer TZ'

T2 is the timing transformer used in the magnetically coupled square
wave oscillator. Mounted on top of T2 are two discrete ceramic

7 CR, R14, and
CR., are wired in parallel to form the base drive circuit for the power

7
output transistor Q13.

capacitors, C4 and C5, and resistor R14 and diode CR
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Figure 40 shows a top view of the 3/8 x 3/8 inch flat pack used to
mount the active components of the converter. It contains output tran-
sistor Q13 and three integrated circuit chips. The first chip, CS-01A,
consists of transistors and resistors used to make up the current switch
portion of the converter. The second chip, CA-01l, consists of MOS-type
capacitors G, and Cs. The third chip, VR-03, is the voltage regulator
used to supply VREF to the current switch transistor Ql‘ The black lines
shown interconnecting the three integrated circuit chips and power tran-
sistor Q13 are gold wires. The collector of Q13 is connected directly to
an isolated pad inside the package, as shown by the drawing. Note that
the other three chips all use a common mounting pad. This pad is con-

nected to the COM connection of the flat pack, pins 1 and 2.

Figures 41 and 42, respectively, show the electrical schematic and
integrated circuit assembly of the Voltage Regulator VR03. Dimensions
on the sides of the physical layout indicate overall size in thousandths of
an inch. As per the discussion on voltage regulator adjustment, resistors
Rgs RlO’ Rip R, Res and R, are made adjustable by either blowing out
the normally shorted fuse links, or shorting out the normally open links

by applying a ball bond over the specially made pad areas.
Figures 43 and 44, respectively, show the electrical schematic and

2’ R3’ 9’
and R,5 are made adjustable over a range of +10 percent. This is

physical layout of the Converter Switch CA-0lA. Resistors R

accomplished by either blowing out the normally shorted fuse links or
shorting out the normally open links, in the same manner as mentioned
for the VRO3 circuit. Note that although transistors le, Ql4’ Q15, and
Q16’ and resistor R12 are on the chip, they are not used in the converter

circuit design.
The following photographs are included:
Figure 45. Overall Package
Figure 46. Converter Test Board
Figure 47. Filter Subassembly
Figure 48. TZ Assembly

Figure 49. Integrated Circuit Module
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Figure 46. Converter Switch Test Board
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47.Converter Switch Filter Subassembly

Figure
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Figure 48, Converter Switch T2 Assembly
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Figure 49, Converter Switch Integrated Circuit Module



A thermal analysis of the converter package is included in

Appendix D.

3.5.2 Series Regulators

The TPR16, MPR38 regulators are very similar to the gated
regulators, except for the absence of gating circuitry. The LR and RR

regulators are essentially different and will therefore be discussed.

Figure 50 is the schematic for these two regulators. Q, is a
reversed biased diode which stabilizes the voltage which controls the
(.')3-(24 PNP current generator. This preregulated current generator
supplies current into the differential amplifier QIZ-Qll' Diodes Q5 and
Qé form the voltage reference. QlO is used to supply a temperature
dependent current which stabilizes the base voltage of Qll with respect
to temperature. This voltage is exactly 5. 00 volts. The Qll-QIZ
differential amplifier establishes the output voltage at 5. 00 volts. The
output load current is provided by a separate input voltage connection
. (note V
(1,
transistor Q7. For the LR application, V

1 and VZ)' This is to minimize power dissipation in the LR
= 60 ma) by minimizing the nominal voltage across the regulating
1 is connected directly to the
seven-volt converter output, and V2 is connected to the regulated output
of TOR16. For the RR application, both V1 and V2 are connected to the

regulated output of TPRI16.
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4.

4.1 PROCESSING

INTEGRATED CIRCUIT TECHNIQUE

Table XIV designates the type of processing used in each of the

integrated circuit modules developed by TRW Systems.

Items 1 through 7

were developed under Contract No. NAS9-5293, and Items 3 through 7

delivered,

Fairchild modules.

Items 8 through 10 were developed and delivered under Con-

tract No. NAS9-4640. Note that the remaining logic circuits are standard

The PAM output circuit is a combination of discrete

components and commercially available amplifiers.

TABLE XIV. PROCESSING TECHNIQUES USED IN
TRW INTEGRATED CIRCUIT MODULES

CR

Item Name Substrate BLE DI MOS CR
1 MTR MCD3 X ] X
2 GMR MCD3 X X
3 MM-1 MM-1 X
4 CSO1A MCD1 X X
5 VRO3 | TOWeT MCD1 X X
6  caol jComverter  cag X
7 LSGO05 LSG X X
8 SCA41 MCD4 X X
9 sca4z | Signal MCD4 X X
10 cap JModifier CAO01 X
where
BLE = Buried Layer Epitaxy
DI = Dielectric Isolation
MOS = Metal-Oxide-Silicon
= Cermet (evaporated) Resistors

4.1,1 Buried Laye

Developed and Delivered Under
Contract No., NAS9-4640

r Epitaxial Bipolar Transistors

Figure 51 shows a buried layer epitaxial bipolar transistor in cross

section.



EMITTER  BASE

COU—ECTOR OXIDE LAYER

/ LLLLLL L Ll el e Ll

W,ZT#

l A
* N TYPE
"; EXITAXIAL LAYER

A
P TYPE
! STARTING MATERIAL

Figure 51. Cross Section of Buried Layer
Epitaxial Transistors

The buried layer epitaxial processing technique is standard for

TRW Systems and has the following sequence (Note the numerical values

given were used in fabricating the MCD1. Different processing was used
for the L.SG05 and MCD4 substrates):

1.

2.

Starting Material

Initial Oxidation
Photoresist Buried Layer
N+

Oxidation

Photoresist Buried Layer
N+

Buried Layer N+ Diffusion

Epitaxy

Ethyl Silicate Oxide

3.0 % 5Qcm P-type <100>

6-1/2F Si0p (sodium light;
~ 13, 000 A thick)

(Creates step in surface for post
epitaxy identification)

6-1/2F Si0,

(To expose areas for buried layer
N+ collector diffusion)

Sb, monitor wafer 3Qcm P-type
sheet resistance 18%/[], depth
3.5

0.60 + 0.15Qcm; 10 £ 2, N-type

6+ 1/2 F 5i0,



9. Photoresist Isolation To Provide electrical isolated
Pattern (P+) areas

10, Gate Isolation Diffusion N-propyl borate, sheet resistance
5Q/0, depth 15u

11. Photoresist Base To expose base areas

12. Electrical Isolation Test To insure electrical isolation,
<lpa leakage at 30V

13. Base Diffusion B203, sheet resistance 160Q/[],
depth 3. 0p = 9000 A Si02 grown
during diffusion

14, Photoresist Emitter To expose emitter areas
15. Emitter Diffusion P05, sheet resistance 3. 5Q/,
depth 1.35 £ 15

16. Final Oxide 16,000 A

17. Photoresist Metal Contact To expose electrical contact
Pattern areas

18. Base Width Adjustment Adjust for p =100+ 20
Diffusion

4,1,2 Dielectric Isolation Bipolar Transistors

Figure 52 shows a dielectrically isolated bipolar transistor in cross

section and Figure 53 illustrates the dielectric isolation fabrication steps.

The dielectric isolation technique used to fabricate the MCD3 sub-

strates has the following processing sequence:

1. Starting Material 0.6 %+ 15Qcm N-type <100>
8 mils thick silicon

2. Initial Oxidation 6-1/2 frirfes Si0, (sodium light;
= 13, 000 A thick)

3. Photoresist Isolation To provide dielectrically isolated
areas

4, Silicon Etch Etch (2-HF; 15-HNO3; 5-CH3COOH)

to 25u depth

5. Buried Layer N+ Diffusion  Sb, monitor wafer 32 cm N-type,
sheet resistance 18Q/[], depth
3.5p



10.
11.

12,

13.
14.

15,

16.

17.

18.

Dielectric Oxide

Poly Epitaxial Deposition

Parallel Lap

Isolation Jig Lap and
Mechanical Polish

Base Mask Oxide
Photoresist Base

Base Deposition

Emitter Mask Oxide
Photoresist Emitter

Emitter Deposition

Final Oxide

Metal Contact Photoresist

Base Width Adjustment
Diffusion

16,000 A

Deposit = 6 mils, < 0. 01Qcm
N-type, polycrystalline silicon

Lap = 1 mil off poly deposit to
insure a flat and bump-free sur-
face., Forms mounting surface for
Step 9

Lap off original substrate to
expose islands of single crystal
silicon. Final polish 0, ip alumina
11,000 A

To expose base areas

B,0,, sheet resistance 180Q/[],
depth 2. 5

11,000 A
To expose emitter areas

P,05, sheet resistance 3. 5Q/0,
depth 2. 5pu

16,000 A

To expose device electrical con-
tact areas

Adjust for beta = 100

Table XV compares dielectrically isolated and buried layer epitaxial

integrated circuits.

4.1.3 MOS Transistors

Figure 54 shows an MOS transistor structure in cross section.

Note that the oxide layer under the gate electrode is thin (1200 A) com-

pared with the passivation layer (13, 000 A).
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Figure 52. Cross-Section of Dielectrically Isolated Transistor

FABRICATION OF DIELECTRIC ISOLATION

[ 1 [

1. SILICON WAFER 2. OXIDE LAYER 3. OXIDE MASK

REACTOR PROCESSING

7 4. ETCH GROOVES 5. REMOVE OXIDE 6. DEPOSIT N* LAYER
IN SILICON
7. DEPOSIT OXIDE 8. DEPOSIT DIELECTRIC SUBSTRATE 9. REMOVE UNDESIRED MATERIAL

(POLYCRYSTAL. SILICON)

COMPLETED ISOLATED COLLECTOR REGIONS

e
- ” -

Figure 53, Dielectric Isolation Fabrication Steps



TABLE XV, COMPARISON OF DIELECTRIC ISOLATION
WITH CONVENTIONAL CONSTRUCTION

Item Dielectric Buried-Layer
Isolation Epitaxial
Number of Processing Steps Few Many
Potential Yield High Moderate
Quality of Semiconductor Same as start- Subject to
Active Body ing wafer Epitaxial process
variation

Worst Case Impurity

Thermal Properties

Isolation:
Breakdowu Voltage
Capacitance
Space-Charge Field
Leakage Current

Parasitic Transistor Action
with Substrate

Transistor Performance
(General)
Transistor Collector

Series Resistance

General Integral Circuit
Compatibility

Short, low-

temp., shallow

junctions
Moderate
Unlimited
Low
Low
Low
Nonexistent
As good as
discrete

transistor

Low

Good

Long, high temp.,
deep junctions

Good

Limited
High
High

Moderate

Design problem

Not as good

Moderate

Good
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SOURCE GATE DRAIN
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Ll L
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N TYPE SUBSTRATE

Figure 54. Cross Section of MOS Transistor

Structure

The structure is fabricated with the following processing sequence:

1.

10.

Starting Material

Initial Oxidation

Photoresist Source and
Drain

Source and Drain Impurity
Diffusion

Photoresist Gate and
Contacts

Grow Gate Oxide

Photoresist Contacts

Deposit Aluminum
Metallization

Photoresist Metal

Metal Sinter

3 ohm=-cm N-type <111>
8 mils thick silicon

13,000 A Sio0,

To expose source and drain areas
P-type, 12 ohm/square

6 microns deep

To define gate region

1200 A si0,

To expose silicon at source and
drain contacts

Electrode and intercgmnection
metallization, 5000 A of alumi-
num

Defines electrodes and inter -
connections

Reduces surface oxide at silicon
contact regions forming ohmic
connections



4,1.4 MOS Capacitors

Figure 55 shows a dielectrically isolated MOS capacitor structure
in cross section. Note that the oxide layer over the N+ region is thin

(1200 j\) compared with the passivation layer (13, 000 A).

THICK OXIDE
— C
L L
N+
g
9 %
OXIDE LAYER —»4«— N 2
] A
77 7777 7777 7 7 ]

Figure 55, A Cross Section of an MOS
Capacitor Structure

The structure is fabricated with the following processing sequence.

1. Starting Material 0.6 £ 15 ohm-cm N-type <100>
8 mils thick silicon

2. Initial Oxidation 6-1/2 fringes Si0,, ~ 13,000 A
thick

3. Photoresist Isolation To provide dielectrically isolated
areas

4, Silicon Etch Etch (2-HF; 15-HNO5; 5-CH3COOH)

to 25 microns depth
5. Buried Layer N+ Diffusion Antimony, monitor wafer 3 ohm-
cm N-type, sheet resistance
18 ohms/sq., depth 3.5 microns
6. Dielectric Oxide 16,000 A

7. Poly Epitaxial Deposition Deposit = 6 mils, <0,01 ohm-cm
N-type, polycrystalline silicon



8. Parallel Lap Lap = 1 mil off poly deposit to
insure a flat a bump-free surface.
Forms mounting surface for Step 9.

9. Isolation Jig Lap Lap off original substrate to
and Mechanical Polish expose islands of single crystal.
Final polish 0.1 micron alumina.

10. N+ Mask Oxide 11,000 A

11, Photoresist To expose N+ area

12. N+ Deposition N-type, 2.5 ohm/square

13, Photoresist Capacitor Defines capacitor and contact area

and Contacts
14. Grow Si0, Dielectric 1200 A of Si0,

15, Photoresist Contacts To expose silicon for counter
electrode contact,

16. Deposit Metallization 500 A titanium and 6000 A of
aluminum

17. Photoresist Metal Defines electrodes

18. Metal Sinter Forms ohmic contact to N+

silicon for counter electrode
4.1.5 Resistors

Figure 56 shows a thin film evaporated cermet resistor with
metallization in cross section. A buried layer epitaxial substrate is
assumed. Note the cermet resistor is also used with the MCD3 dielec-

trically isolated substrate.

The processing sequence which follows includes all of the surface

processing used on a monolithic compatible integrated circuit.

The resistors are fabricated as follows: cermet (Cr:Si0) is evap-
orated over the wafer giving a sheet resistivity of 300 ohms per square.
Photoresist is applied and developed to mask the desired resistor areas.
The excess cermet (Cr:Si0) is etched away, leaving resistors. These

resistors are then connected into the circuit by the metallization step.

4-9
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Figure 56. Cross Section of Cermet Resistor

After the substrate (epitaxial or isolated) has been processed and

the circuit contact holes etched,

1. Metallizing I Vacuum deposit 600 A of titanium
and aluminum of 0. 02 ohms/square
sheet resistance

2. Metallization I Sinter Heat treatment to insure low
resistance ohmic contact to sili-
con

3. Metallization I Etch

4, Cermet Deposition Cr:Si0 sheet resistance
300 + 10 ohm/square,
thickness = 300 A

5. Photoresist Cermet To ieave desired cermet for
resistors

6. Metallizing II Identical to Metallizing I, except
for aluminum deposition sheet
resistance of 0.04 = 0. 01
ohm/square

7. Photoresist Metallizing II To leave desired metal for
interconnections

8. Metallizing II Sinter Heat treatment to insure low
resistance ohmic contact to
cermet

9. Wafer Electrical Function
Test

4-10



4.2 DEVICES

The following is a brief description of the integrated devices used
in the TRW modules.

4,2,1 MCDI1 (see Appendix F)

Figure 57 shows the MCD1 assembly drawing. This substrate is
fabricated with the buried layer epitaxial technique, The clear area
around the transistor cluster is available for resistors, interconnections,
and bonding pads. Crossunders are provided specifically in four loca-
tions and generally in any of the transistor positions. A transistor struc-
ture can be used as a transistor, diode, capacitor, or crossunder, as
determined by the placement of the contact holes in the oxide, aluminum
interconnection, and application of the circuit. The CSOlA and VRO3 cir-

cuits use this substrate,

Figure 58 shows the transistor lateral geometry in detail. Note that

the smallest mask spacing is 0.25 mil.

4.2.2 MCD3 (see Appendix F)

Figure 59 shows the MCD3 assembly drawing. This substrate is
fabricated with dielectric isolation to eliminate the dc substrate parasitics
associated with the PNP transistors. The GTR and GMR gated regulator

circuits use this substrate.
Five types of transistors are included in the MCD3, These are:

a) Low Current NPN. Shown in Figure 60. This transistor is
used in all NPN positions except for the regulating element
in the positive supply line and the switch in the negative
supply line. Nominal hpg of 100 at I, = 5 ma is typical.
This device is also used as forward biased diodes and
reversed biased emitter-base diodes (voltage reference).

b) High Current NPN. Shown in Figure 61. This transistor is
used as the regulating element in the positive supply line
and the switch in the negative supply line. Nominal hpp of
100 at I, = 60 ma is typical. Collector parasitic bulk
resistance, r{, is typically less than 15 ohms,

c) Lateral Geometry PNP, Shown in Figure 62. This transis-
tor is used (in a composite configuration) as a constant
current generator and as a current monitor for short circuit
protection. Nominal hpg of 2 at I, = 100 pa is typical.
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Figure 58. Multi-Circuit Die (MCD1) Transistor Lateral Geometry
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Figure 59, Multi-Circuit Die (MCD3) Assembly Drawing
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Figure 60, NPN Low Current (MCD3) Transistor Lateral Geometry



Figure 61,
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d) NPN Test Transistor. Shown in Figure 63. This transistor
is used primarily for device check before metallization.

e) PNP Test Transistor. Shown in Figure 64. This transistor is
used primarily for device check before metallization.

Figure 65 shows a special metal transistor test pattern used with
the MCD3 substrate,

4,2.3 LSG

Figure 66 shows the substrate used in the LSGO5 circuit. Figure 67
shows an enlarged view of the transistor clusters, with Figures 68 and 69

illustrating the individual device lateral geometries.
4,2.4 MMI1

The device lateral geometry of the MM1 MOS transistor is shown in

Figure 70.
4.2.5 CAO01

The CAQOl is shown in Figure 71. Eight separate capacitors are
available, The six large sections are approximately 50 pf each. The
two small sections are 14 pf each. Fuses in the metal interconnect can
be blown out to lower the capacitance values. Each of the eight capacitors
has subsections weighted in a binary ratio of 8:4:2:1. See Section 4.2.6

about the description of the fuse-adjustment technique,
4,2.6 Resistors

Resistors 1K ohms or larger are =0. 6 mil wide and exhibit the

following characteristics:

Absolute Tolerance +2 0%
Relative Tolerance (on wafer) +10%
Ratio Tolerance (adjacent resistors) +1%
Ratio Tolerance (nonadjacent resistors) +2.5%

Maximum Absolute Temperature Coefficient 200 ppm/oc

Maximum Tracking Temperature Coefficient 10 ppm/oC

Figure 72 shows the geometry of a typical resistor adjustment fuse

link., Probes are placed on the metal interconnect and current is passed
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through the metal. It melts and opens the shorting link., Figure 73 is a
photograph of a fuse link before and after probing. Note how the alu- '

minum melts and leaves a clean break in the interconnection pattern.
4.3 PACKAGING

Only the packaging of the TRW integrated circuit modules are con-

sidered in this section.
4.3.1 Packages
The following drawings specify the three types of packages used.
Figure 74: (1/4'" x 1/4") flat pack - Used for the MM1

Figure 75: (1/4" x 3/8") flat pack - Used for the GTR,
GMR, LSG

Figure 76: (3/8'" x 3/8'") flat pack - Used in the power
converter

4.3.2 Die Attachment - Wire Bonding - Package Sealing

Two types of die attachment techniques were incorporated:

a) Thermal Bond. -Using a AuSi alloy as the bonding
agent (GTR, GMR, MMI1, LSGO05)

ALUMINUM
CERMET

s

PROBE &\\ N\NNN
/

METAL SHORTING

LINK WHICH CAN
BE EVAPORATED

%

ALUMINUM
/ CERMET
r———— / re— V4 | ¥ N
—_ | M- = | - P |

PLAIN SILICON SUBSTRATE

Figure 72. Typical Geometry of Adjustable Feedback Resistor
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b) Conductive Epoxy Cermet. -Using DuPont Silver
Preparation, Electronic
Grade 5504-A, a high
temperature epoxy
(Power Converter
flat pack)
The thermal bond is the preferred technique for establishing a

reliable die attachment. The conductive epoxy is used only in applica-
tions in which the die must potentially be extracted and replaced in multi-
die packages.

- Thermal compression ballbonding with 1. 5 mil gold wire is used
for wire attachment. Sealing is accomplished using a gold alloy solder

in an inert atmosphere.
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5. TEST PROCEDURE

5.1 GENERAL
The purpose of this test procedure is to outline a sequence of functional
tests to verify compliance with the contract specifications. The tests and

results demonstrate the performance of the Power Programmer at TRW.

The following information includes the Contract Performance Specifications,
which provide a correlation between measurements and contract objectives. The
Test Specifications are a translation of the Contract Performance Specifications
into a form suitable for final system breadboard functional tests. Note that
the 90=-channel Power Programmer is mechanized in a breadboard form with twelve
functional channels plus two synchronization channels. The Test Specifica-

tions are written accordingly.

A description is given of the Power Programmer front panel to aid the
operator in performing the tests, and finally the test procedure and Test

Results demonstrate the operation of the final system breadboard.

Figure 77 shows the system block diagram. A power supply mounted on the
system tester provides the +28 volts DC input. Test points are- found on the
tester front panel and/or the junction box (see Figure 80.) The gated regulator
outputs and analog MOSFET inputs are brought out to the junction box to

facilitate measurements taken at -35°C and +95°C.

52 CONTRACT PERFORMANCE SPECIFICATIONS
NOTE: Numbering used on the following specifications is taken directly

from the contract.

4.  MISCELLANEQUS

4.1 Battery - The breadboard model shall be powered from an external
battery. The characteristics of this battery are as follows:

4.1.1 The voltage is between 22 and 32 volts with 28 volts being
nominal.

4.1.2 There is a possible maximum 4 volt peak-to-peak ripple (d-c
to 2 ke square wave) impressed upon the battery voltage. The
battery voltage, including the ripple, will be between 22 and
32 volts.

4.,1.3 There is a possible transient on the power line that may
reduce the battery voltage to as low as 0 volts or increase
it to as high as 43 volts. This transient has a 20 milli-
second base width duration and an 8 millisecond rise time.
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The circuitry connected to the battery is required to
survive this transient, but the specification performance
is not required. Operation shall return to normal within
100 microseconds after the duration of the pulse.

4,2 Service Life - The breadboard model shall be capable of operation
within specifications for a minimum of 2000 hours, continuously
or otherwise, during a service life of one year.

4.3 Warm up Time - The breadboard model shall be capable of operation
within specifications after a warm up time not to exceed 0.5 minute.

4,4 Color - The breadboard model case shall be dull black.

4.5 Weight - The breadboard model shall be constructed with minimum
weight. It shall demonstrate that a final programmer package,
which includes all 90 channels, shall not weigh more than 1.2 pounds.

4.6 Volume - The breadboard model shall be constructed with minimum
volume. It shall demonstrate that a final programmer package, which
includes all 90 channels, shall not require a volume of more than
20,0 cubic inches.

4,7 External Connectors - Extermal connectors shall be keyed to prevent
mismating.

4,8 Reverse Polarity Protection - All items connected to the battery
shall be protected from being destructed by polarity reversal and
excessive battery current drain. Operation shall return to
normal with proper polarity connections.

4.9 Product Marking - The breadboard model and all external connections
shall be marked for identification purposes in a permanent manner.

4.10 Workmanship - Uniformity of shapes, dimensions, and performance
shall provide interchangeability of the complete system.

PERFORMANCE SPECIFICATIONS

5.1 The breadboard model shall be designed to operate from the battery
described by paragraph 4.1. Power shall be sequentially supplied
to external signal modifiers, and the single ended outputs of
these modifiers, which have a voltage of 0 to +5 volts at a
frequency of dec to 1 kc, shall be gated to a single point.

5.1.1 Number of Channels - The programmer logic shall accommo-
date up to 90 channels, 88 signal channels and 2 frame
identification channels. The breadboard will include
only 12 complete channels, The design shall be such
that any lesser combinations of channels may be obtained
by strapping together any combination of channels,
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5'1.'.2

5.1.3

5.1.4

5:1.5

5.1.6

5.1.7

5.1.8

5.1.9

5.1.10

5.1.11

Sample Rate - The nominal sample rate shall be 900
channels per second., The programmer shall be capable
of generating up to 12,500 channels per second.

Synchronization - The synchronization to an external
oscillator shall be accomplished with the application
of a synchronizing pulse.

Wave Train Identification ~ Two channels shall be used
for identification and synchronization purposes
according to IRIG specifications on PAM frame identifi-
cation (50% duty cycle signals).

Cross Talk and Ripple - The maximum output ripple due to
cross talk and other internal conditions shall be 25
millivolts peak-to-peak as measured with an oscilloscope
having a pass band of 15 megacycles.

Stability - The error of the signal modifier output signal
due to the gating to a single point shall not exceed + 1%.

Rise Time - The rise time of the programmer shall be such
that the power to the signal modifiers and the gated output
signals will reach its wvalue in less than 50 microseconds.

Signal Modifier Power - The breadboard shall supply

conmutated power to each chamnel, which includes an

amplifier and a transducer as described on Contract NAS 9-4640.
The voltage shall be transformer isolated from the battery
which is described by paragraph 4.1.

Power Requirements =~ The breadboard model shall not require
more than 200 ma when operated from a 28 volt battery.

Power Line Feedback - The feedback ripple from the bread-
board model to the battery shall be no more than 30 milli-
volts peak~-to-peak as measured across a one ohm resistor

in series with the battery when measured by an oscilloscope
having a pass band of 15 megacycles.

Logic Commands - The logic commands shall include the
following types:

a. Clock Control (Internal or external sync., stop on
any channel, all or any sequential portions of channels
per frame.)

b, Strobe Control (Selection of duty cycle per channel
time, 50 + 5 per cent for normal PAM use.)

c. Mode Control (Normal seriagl output or forced random
selection of channels.)



5.1.12 Amplifier Power -~ The amplifier power shall be on for one
sample period in advance of the output sample period.

5.3 TESTER FRONT PANEL (DESCRIPTION)

The following section describes the function of the front panel con-
trols of the PPT (Power Programmer Tester). Refer to Figure 78.. The
operator can insert various digital control signals and monitor the resultant
channel position and/or PAM output via the front test panel. Note that
digital input is activated by an equivalent switch closure to ground. System

commands are therefore simulated by switch positions.

5.3.1 Indicator Lights

The programmer channel position, 0 through 127, is displayed as
a binary number on the row of seven lights appearing at the top of the front

panel. An ON light represents a 1 and an OFF 1igh£ represents a 0.

5.3.2 Auto Start Channel - Manual Entry

The seven switches labeled "Auto Start Channel" provide the binary
input for selecting a channel in the random access mode of operation and also

for selecting the start channel in the sequential mode of operation.

5.3.3 Auto Stop Channel (N-1)
The seven switches labeled '"Auto Stop Channel (N-1)" provide the

binary input for selecting the stop channel in the sequential mode of
operation. The actual stop channel is the number represented by the switch
positions plus one. The override switch causes the programmer to cycle from
the start chamnel all the way through to the last channel (channel 127), when
the switch is in the up position, regardless of the position of the other

seven switches.

5.3.4 Mode
The mode switch (toggle) selects the Power Programmer mode of
operation as follows:
(MAN)
(AUTO)
The push button manual switch (MAN/LOAD) is used to load the counter with the
channel position selected on the (MANUAL ENTRY) input switches.

manual or random access mode of operation.

i

automatic or sequential mode of operation.
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5.3.5 Strobe

The strobe signal determines the analog output sample period.
The (EXT/INT) toggle switch selects the 50% duty cycle internal strobe signal,
or an external strobe signal via the (EXT/INPUT) connector. In the external 7
strobe mode, analog sampling will occur when the signal is at the logic 1>
level. (Minimum pulse duration at logic 1 level is 400 nsec. The frequency
range is DC to 100 KHz.) The strobe override switch (OVR/NORM) provides a
continuous active level for the strobe signal as follows:

(OVR)

(NORM)

]

override condition, equivalent to a logic O input.

i

no effect on programmer, equivalent to a logic 1 input.

5.3.6 Power

A power supply is included in the tester to convert 110 volts/
60 Hz AC to +28 volts DC. A switch, labeled (+28), in the center of the front
panel allows the operator to select the specified tolerances on the +28 volts
.as follows:

HI + 32 volts

LO + 22 volts

NORM + 28 volts
The power switch, which interrupts the 110 volt/60 Hz AC input, and power
light indicator are located in the bottom left-hand corner of the front panel.
The terminals (+28) and (GND) monitor the DC power input to the Power

Programmer. (Note, do NOT connect an external power supply to these terminals.)

5.3.7 Clock

The switch located in the clock section selects an internal 900 Hz
clock (INT) or an external clock signal (EXT). When the switch is in the (EXT)
position and a signal generator connected to the (EXT INPUT) terminal, the
programmer steps to the next channel on transition from logic 1 to logic 0 at
a rate which is one-tenth of the signal generator rate. The (INT OUTPUT)
terminal monitors the 900 Hz, 507% duty cycle square wave internal clock. It~
can be used for synchronization or test purposes. Note: if the PAM format is

used, analog data is sampled during the positive half of INT CLK OUT wave form.

The external clock input specifications are:

Sine wave: Amplitude: 2 V rms minimum
3 V rms nominal
10 V rms maximum
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Frequency: DC to 150 KHz

Rectangular Wave: Amplitude: -3 volts negative minimum
+5 volts positive nominal
+15 volts positive maximum

Positive
Pulse
Duration: 1 microsecond minimum

Frequency: DC to 150 KHz

5.3.8 Outputs
The PAM output is monitored on the front panel terminal.

(Minimum load resistance is 50 K ohms. Maximum load capacitance is 1000 pF.)
The output terminals marked PDM and DPOM are not presently used, but are
available for future use in the event that the PDM and DPDM circuits are
added to the output circuit board. The (SYNC) terminal provides one pulse
every frame period. This logic 1 level pulse occurs during the second half
of the (N-1) channel period and during all of the (N) channel period where N

denotes the last program channel. (See Figure 79.)

5.4 TEST SPECIFICATIONS

Figure 79(a) shows the Power Programmer output which conforms to the IRIG
specified PAM pulse train wave form. An increasing staircase is shown and
is obtained by inserting the AI-3 card into card file position 13. Figure 79(b)
shows the gated regulator output waveforms. (Note: For discussion of system
operation, the initial 50% of the channel period will be the OFF period. IRIG
specifies the initial 50% of the channel period as ON period; however, the
difference is only academic. The waveforms are identical.) The following

specifications apply to the Power Programmer final test.

5.4.1 Logic Commands and Function

The logic commands shall include the following types:

5.4.1.1 Mode Control - The mode of operation shall be either

serial or parallel.
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5.4.1.2 Serial Operation - The programmer shall sequence through

a minimum of 3 and a maximum of 14 channels, the last two channels being
reserved for synchronization. The start and stop channels shall be externally
selectable. A PAM synchronization pulse will identify each frame according

to IRIG specifications.

5.4.1.3 Parallel Operation - The programmer shall operate in a
parallel (or random access) mode, such that any channel 56 < N < 67 can be

selected and held.

5.4.1.4 Clock Control - An internal or external clock shall be
selectable. The internal clock shall be 900 cps + 3%.

5.4.1.5 Strobe Control - An internal or external strobe signal

shall be selectable. (The strobe signal determines the analog output sample
.period.) The internal strobe signal shall provide a 50 + 3% duty cycle for
normal PAM use.

5.4.1.6 The programmer logic shall operate up to 12.5 KHz.

5.4.2 Synchronization

The PAM synéhronization pulse shall be internally genersted with
an amplitude of 5 volts + 1% and shall occur during the ON time of the (N-1)
channel and during the ON and OFF time of the (N) channel, where N denotes

the last programmed channel.

5.4.3 Duty Cycle
The PAM duty cycle shall be 50 * 3% where

ON Sample Period x 100%
Channel Period

Duty Cycle =

5.4.4 Channel Period
The PAM channel period shall be 1110 + 50usec. For a full 90-

channel system, the frame rate is 10 frames per second.
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54.5 Zero Data Pedestal

With a channel input of zero volts, the PAM pulse amplitude
shall be 1 * 0.050 volts.

5.4.6 Full Scale Output Amplitude

For a full scale amplifier output voltage of +5.000 volts,
the PAM pulse amplitude shall be +5 + 0.050 volts.

5.4.7 Pulse Amplitude Stability

The amplitude of any PAM channel output pulse shall remain con-
stant within * 1% of full scale under all electrical and envirommental

conditions specified.

5.4.8 OFF Time Voltage

The level of the PAM output between sample periods shall be
zero + 0.050 volts. ‘

5¢4.9 Ripple and Cross Talk

The maximum output ripple due to cross talk and other internal
conditions shall be 25 millivolts peak-to-peak as measured with an oscillo-

scope having a pass band of 15 megacycles.

54.10 Transducer Power

Each of the 12 channels shall have gated power to excite a trans-

ducer. The following specifications apply.

5.4.10.1 The transducer power shall be gated ON during the

entire channel period corresponding to the selected output channel period.

5.4.,10,2 The transducer power shall reach 997% of its final

value in less than 50 usec.
5.4.10.3 The transducer power shall excite a 350 ohm + 5%

transducer with 10 volts * 50 millivolts, when subjected to specified

battery fluctuations and environment.
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5.4.10.4 The ripple on the transducer power shall not exceed
25 millivolts peak-to-peak as measured with an oscilloscope having a pass

band of 15 megacycles.

5.4.11 Signal Modifier Power

Each of the 12 channels shall have gated power to excite a

signal modifier. The following specifications apply.

5.4.11.1 The signal modifier power shall be gated ON during
two entire channel periods, the channel period corresponding to the selected

channel plus the previous channel period.

5.4.11.2 The signal modifier power shall reach 99% of its

final falue in less than 50 usec.

5.4.11.3 The signal modifier power shall excite a signal modi-
fier with 30 + 0.30 volts drawing 6 ma of current, when subjected to speci-

fied battery fluctuations and environment.
5.4.11.4 The ripple on the signal modifier power shall not
exceed 25 millivolts peak-to-peak as measured with an oscilloscope having

a pass band of 15 megacycles.

5.4.12 Power Requirements

The Power Programmer shall receive power from a +28 volt source.

The related specifications include:

5.4.12.1 The Power Programmer shall meet the stated speci-

fications with input voltage variations from 22 to 32 volts.
5.4.12.2 The Power Programmer shall be protected from being

destroyed by polarity reversal and excessive battery current drain.

Operation shall return to normal with proper polarity connections.

5-12



5.4.12,3 There is a possible maximum 4 volt peak-to-peak ripple
(DC to 2 ke square wave) impressed upon the battery voltage. The battery

voltage, including ripple, will be between 22 and 32 volts.

5.4,12.4 There is a possible transient on the power line that
may reduce the battery voltage to as low as 0 volts or increase it to as
high as 43 volts. This transient has a 20 millisecond base width duration
and an 8 millisecond rise time. The circuitry connected to the battery is
required to survive this transient, but the specification performance is
not required. Operation shall return to normal within 100 microseconds

after the duration of the pulse.

5.4.12.5 The feedback ripple from the breadboard model to the
battery shall be no more than 30 millivolts peak=-to-peak as measured across
a one ohm resistor in series with the battery when measured by an oscillo-

scope having a pass band of 15 megacycles.

5.4.12.6 The breadboard model shall not require more than
200 milliamps when operated from a 28 volt battery.

5.4.13 Temperature
The Power Programmer shall operate to specifications over the

temperature range of -35°¢ to +95°¢.

5.5 TEST PROCEDURE

The test configuration shown in Figure 4 shall be used for the Power
Programmer test procedure. The test equipment list is given in Table I.
The entire procedure is first conducted at +25°C and then repeated at +95°¢C
and -35°C. Note: A dehumidified temperature chamber must be used to prevent

possible system failure due to condensation of water vapor.

5.5.,1 Digital
This portion of the test procedure checks the digital control
section of the Power Programmer, thereby verifying compliance with Test

Specification 1, Logic Commands.
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TABLE 5-I. TEST EQUIPMENT

Cathode Ray Oscilloscope

Tektronix Model 545A or equivalent

Dugl-Trace Oscilloscope Preamp

Tektronix Model CA or equivalent

Digital Voltmeter

Hewlett-Packard Model 2401 Dymec
Integrating Digital Voltmeter or
equivalent

Signal Generator

Hewlett-Packard Model 650A or
equivalent
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5,5.1¢1 Channel 0 to 127 Sequencing

5.5'1-2

(1) Connect the signal generator to the external clock
input and adjust the signal generator for 10 Hz and
approximately 3 V RMS., (Note that the Ext clock fre-
quency is divided by 10.)

(2) Set the PPT (Power Programmer Tester) as follows:

(a) Ext/Int Clock - Set Ext

(b) MAN/AUTO Mode - Set AUTO

(c) Ext/Int Strobe - Set Int

(d) Ovrd/Norm Strobe - Set Norm

(e) Auto Start Channel, 0000000 (Channel 0)

(£) Auto Stop Channel (N-1), 0000000 (Channel 1)
(g) Auto Stop Channel Override Active (UP)

(h) +28 - Set Norm

(i) Power - Set ON

(3) Power Programmer will then automatically sequence
from channels 0 to 127 at 1 Hz. Visually monitor the
indicator lights to verify proper sequencing from channel
0 to channel 127.

o o

-35°¢C +25°¢ +95°¢C
Proper Sequencing L L// L//

Stop and Start Check In The Sequentigl Mode

(1) Set the PPT as follows:

(a) Auto Start Channel, 0000000 (Channel 0)

(b) Auto Stop Channel (N-1), 0000000 (Channel 0)
(¢) Auto Stop Override Inactive (Down)

(d) All other controls as indicated in 5.5.1.1(2).

(2) Monitor lights to verify sequencing between channels
0 and 1.

(3) Repeat (1) and verify sequencing for the following
channels. (Note: STOP channel is channel N, not
channel (N-1).)

Start Lights Start Stop (N-1) Lights Stop

Switches on Channel Switches on Channel
1000000 1 1000000 2
1100000 3 1100000 4
1110000 7 1110000 8
1111000 15 1111000 16
1111100 31 1111100 32
1111110 63 1111110 64
1111111 127 1111111 0

o

-35°¢ +25°¢ +95
v L L/

Proper Sequencing

5-16



5.5.1.3 Check of Random Access Mode
(1) Set the PPT as follows:

(a) Manual Mode (UP)
(b) Manual Entry, 0000000
(c) Auto Stop Override, Active ~ Set Ovrd

(2) Press Manual Load

(3) Monitor lights to verify correlation with Manual
Entry. (Note: "1" indicates light on, "0" indicates light off.)

(4) Repeat(l), (2), and (3) for the following Manual
Entry:

Manual Entry

10060000
0100000
0010000
0001000
0000100
0000010
0000001

(5) 1If the lights correlate properly in each case,
the set-reset function has been checked for the
counter in the random access mode, verifying proper
operation in random access mode.

-35°¢ +25°¢C +95°C
s ‘ ;
Proper Operation L I {

5.5.1.4 Check the Sync Output Signal
(1) Set the PPT as follows:

(a) Ext/Int Clock - Set Int

(b) Man/Auto Mode - Set Auto

(c) Ext/Int Strobe - Set Int

(d) Ovrd/Norm Strobe - Set Norm

(e) Auto Start Channel, 0001110 (Channel 56)

(f) Auto Stop Channel (N-1), 0010001 (Channel 68)
(g) Auto Stop Channel Override: Inactive

(2) Connect the oscilloscope preamplifier input to

the sync output terminal and sync on the positive going
edge.

(3) Monitor the waveform on the scope. The pulse

should be approximately 1670 microseconds wide and
spaced every 15.5 milliseconds.

(¢} (o} o
~35°C +25°Cc +95°¢,

Sync Signal
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5.5,1.5 Check Operation of the Programmer Logic at 12.5 kHz

(1) Connect the oscilloscope to the MOS OUT terminal
on the junction box. Connect SYNC output on PPT to
delayed trigger input on scope and sync on negative
going edge of SYNC signal.

(2) Set the PPT as follows:

(a) Ext/Int Clock - Set Ext

(b) Man/Auto Mode = Set Auto

(c) Ext/Int Strobe - Set Ext

(d) Ovrd/Norm Strobe - Set Norm

(e) Auto Start Channel, 0001110 (Channel 56)

(f) Auto Stop Channel (N-1), 0010001 (Channel 68)
(g) Auto Stop Channel Override Inactive (Down)

(3) Adjust the signal generator for 150 kHz and 3 V RMS.

(4) Insert the stairstep function card (AI-3) into the
junction box. (Note: The AI-J card MUST be inserted in
card file position 13 to allow use of other AI cards in
the junction box.) CAUTION: Remove power before
inserting or removing any card.

(5) Reapply power and monitor the waveform on the oscillos
oscilloscope to verify that the analog signal assumes
99% of its final value in less than 40 uysec.

-35%¢ +25%¢  +95°C

Operates properly at 12.5 kHz L/I e [

5.5.2 PAM Qutput
This portion of the test procedure checks the IRIG specified PAM

output, thereby verifying compliance with Test Specificatioms 2 through 9.
Note that the analog voltage accuracies will be made on a DC basis to simplify
measurements. If the DC analog level is assumed identical with the asymptotic
analog level in the sequential mode, a valid accuracy versus time measurement

can be made with an oscilloscope to verify the accuracy in the sequential mode.

5+5.2.1 Check PAM Output General Waveform

(1) Connect the oscilloscope to the PAM output terminal
on the PPT. Synchronize the oscilloscope on the negative
going edge of the SYNC output from the PPT,

(2) Disconnect power and insert the AI-1 card into the
junction box., This card provides an alternating +5.0 and
zero volts input to the analog MOSFET switches. Reapply
power.,

(3) Set the PPT as follows:

(a) Ext/Int Clock - Set Int
(b) Man/Auto Mode =~ Set Auto
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(c) Ext/Int Strobe - Set Int

(d) Ovrd/Norm Strobe - Set Norm

(e) Auto Start Channel, 0001110 (Channel 56)

(f) Auto Stop Channel (N-1), 0010001 (Channel 68)
(g) Auto Stop Channel Override Inactive

(4) Monitor the waveform on the oscilloscope and com-
pare with Figure 81(a). There should be 12 channel ON
periods alternating +5.0 and +1.0 volt levels. The OFF
periods should be zero volts. A +5.0 volt synchronization
signal should identify each frame. Each frame should
occupy 14 channel positions and approximately 15.5 milli-
seconds of time.

-35°¢ +25°%¢ +95°¢

Operates Properly
L0 (+22) volts inmput v d v
NORM(+28) volts input y// L// L///

HI (+32) volts input v~ v -

5.5.2.2 Synchronization - The amplitude of the synchronization
pulse is assumed to be equal to the full scale voltage measured
in 5.5.2.6, and will therefore not be measured in this section.
(The validity of this gssumption is based on the identical manner
in which the two signals are derived and processed.)

(1) With the waveform monitored in5.5.2.1(4), check
the timing with Test Specification 5.4.2.

(2) Record:

‘ r‘*\"'

-35C +25°C +95"¢
Meets Timing Specification v v v

5.5.2.3 Duty Cycle - Measure the OFF and ON period of Channel 54
on the oscilloscope using 507% voltage points, as shown in Figure

e}

-35°%¢ +25°¢ +95°¢

— s

ON Period i*& 75 :é-éﬁ; 45 E0us
OFF Period YR SbS A4S BOEQUuS

Duty Cycle ((Calculate)d) SOZ% S0 % SO KL
See .4.3

5.5.2.4 Channel Period - Using the above measurements, calculate
the channel period (ON period plus the OFF period).

-35°¢ +25°¢ +95°¢C

Channel Period /150 us “ﬁQ/ S ygéi LS
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5¢542.5

Zero Data Pedestal

(1) Disconnect power.

Insert the analog input card AI-4

into the junction box and jumper the AI-4 card for zero

inputs.

Reapply power.

(2) Connect scope input to PAM output and verify that
waveform is as shown in Figure 81(b).

(3) Connect the digital voltmeter to the PAM output.
(4) Set the PPT as follows:

(a) Man/Auto Mode - Set Man
(b) Manual Entry - Select Channels 56 thru 67
(c) Ovrd/Norm Strobe - Set Ovrd

(5) Measure and record reading on digital voltmeter.

Output Voltage

-35%¢ +25% +95°¢
Channel Input Voltage Input Voltage Input Voltage
122 +28 +32 +22 428 +32 +22 +28 +32
56 L2/8 Lotz Loud | Lol9 L0020 LO20| Ledd Loy Lodf
37 LorZ . L0482 Lor9 | £0/9 L0020 Lal0 )| Lodd Lfodd L0038
58 LotZ. Lo1g LOIR) L0419 Lol Lodo| LodD LoRT Lod¥
59 L8 LotR LolD )| Ll Loed Lo lod] LodT Lod7
60 lorg L0188 LotF )| L0819 L0149 LolG | Led] sod) Lod7
61 Lot Lo19 bosf | Lo19 Lo19 1009 Lo2é Loz7 LodT
62 wor? lor7 Lot7| Lotd Lot LoiF| tedz rod] teo27
63 Lot Lol Lot | Lol8 Lpi9 Lewd| L0A4 rLeoa] Lodf.
64 ror® Lor9 Lord | Lot Lot Lodo| loléb tod] Lod]
65 Lot Lolf Lof|lor® Lolf Lo/t9|Lledb [od] Lod]
66 Loté Lol9 Lol | Lol [foy? Lol9 | ro2b Ledl Lod)
67 Lot Lot] Lold| Lord L0019 L-0019) LoRb Lodl Lod]
5¢5¢2.6 Full Scale Output Amplitude

(1) Disconnect power.

power.

(2) Set PPT as follows:

(a)
()
(c)
(@)
(e)

5-21

Man/Auto Mode - Set Auto

Ovrd/Norm Strobe - Set Norm v

Auto Start Channel - 0001110 (Channel 56)
Auto Stop Channel (N-1), 0010001 (Channel 68)
Auto Stop Channel Override Inactive (Dowm)

Change the jumper on the AI-4 card
from the zero potential to the +5 volt potential.

Reapply



(3) Comnect scope input to PAM output and verify that
wavefore is as shown in Figure 81(c).

(4) Set the PPT as follows:

(a) Man/Auto Mode - Set Man
(b) Manual Entry - Select Channels 56 thru 67
(c) Ovrd/Norm Strobe - Set Ovrd

(5) Measure the +5 volt input reference with the digital
voltmeter on the IA-4 card.

-35°¢ +25°¢ +95°¢C
Input Voltage Input Voltage Input Voltage
+22 +28 +32 | 422 +28 +32 | 422 +28 +32
Reference L
Voltage mmmmmmmmm
(6) Disconnect the scope input and connect the digital
voltmeter to the PAM output.
(7) Set the PPT manual entry to select Channels 56 thru
67.
(8) Measure and record the digital voltmeter reading.
Output Error
-35°C +25°¢ +95°¢
Input Voltage Input Voltage Input Voltage
Channel | +22 +28 +32 +22 +28 +32 +22 +28 +32
56 L0 S0/0 Lolo|L003 Liood S003|L.997 L9Y 4992
57 S0 Koo Sou | 003 o3 Sood 4991 L29/ 499\
58 Mﬁmmwwmmmm
59 |02 sLow S |Geca 5083 swof |49 LU
60 mmmmmmmmm
61 Soto £.009 soug|S00d s.003 5003|4990 LI LU
62 | Soto Sow Sou |S003 So03 sood |49U 49V 499
63 S0l Fown Soll|Feed T003 Loo3| 4990 499 49U
64 Mmmm.f_/u_{ﬁﬂmw
65 | Zell S0l SR g0l Swyf good| fIU 499 Laig
66 mgwmmwmmmm
67 | Loo o siou|siees ooy seod | dags L9 HI
5.5.2.7 Ripple and Crosstalk

(1) Disconnect

power.

5-22

power.

Insert the gnalog input card AI=-2
into the junction box and ground Channel 56 input,

Reapply



(2) Connect the sine wave signal generator to Channel 57
input.

(3) Set the signal generator for 1 kHz and 5 volts peak-to-
peak amplitude,

(4) Set the PPT Manual Entry to Channel 56 and Strobe
Ovrd/Norm to Norm. '

(5) Conmnect scope input to PAM output and measure the
total (1 kc crosstalk plus white noise) peak-to~-peak noise
on Channel 56,

-35°¢ +25°%¢ +95°¢
Noise < 2O0.mvr < ROV L RO /M) v

545:2.8 OFF Time Voltage
(1) Connect the digital voltmeter to the PAM output.

(2) Disconnect power. Insert the analog input card AT-4
into the junction box with all inputs bussed to +5 volts.
Reapply power.

(3) Set the PPT as follows:

(a) Man/Auto = Set Man

(b) Manual Entry Channel, 0001110 (Channel 56), Auto
Stop Ovrd to Active (UP)

(c) Strobe Ext/Int - Set to Ext

(d) Strobe Ovrd/Norm - Set to Norm

(4) Conmect a jumper cable between GND and Strobe Ext
Input jacks on PPT and measure and record OFF time
. voltage at PAM output.

OFF Voltage

Channel -35°¢ +25°¢C +95°¢
56 LS mr 2 my Yavy )i
57 5Ny 2amy. L7 2y
58 Lo my PV, 7Y% 1Zmy.
59 LMy (Amy llmy
60 LSmy . _lsme . 1y
61 _simy 24 m¥ L2.my
62 —tEmy g my i gme
63 (Sme sy Lbml
64 Lo my _lEmY 1S mv
65 4 LMy L7 my
66 —lbmy _lxmy IS i
67 —deme _lamy . t7myv



5.5.3 Transducer Power

This portion of the test procedure checks the amplitude and
timing of the gated transducer power, thereby verifying compliance with
Test Specification 10. The analog voltage accuracies shall be monitored
on a DC basis to simplify measurements. The junction box, as shown in
Figures 8 and 82, will be used to monitor the gated regulator outputs.
Measurements are taken at junction box terminals. Figure 83 shows the
back of the card cage to facilitate making measurements at room temperature

without the junction box.

5.5.3.1 For DC Voltage and Noise Measurements
(1) Set the PPT for Manual Mode (UP).

(2) Connect the digital voltmeter and oscilloscope to
the junction box transducer power output labeled "GTR+"
and "GIR-",

(3) 8Select each channel, one at a time, on PPT manual
entry and junction box, correspondingly.

(4) Measure DC voltage and peak-to-peak noise. Note
that the 350 ohm load is connected internally.

(5) Record measurements of all 12 channels on included
data sheet.

5.5.3.2 Rise Time and ON-OFF Period Measurements
(1) Set the PPT for Automatic Mode (DOWN)
(2) Disconnect the digital voltmeter.

(3) Disconnect power. Insert the stairstep analog input
card AI-3. Reapply power.

(4) Set the PPT for full 12 channel sequence.

(5) With the oscilloscope, measure the timing and rise
time of the transducer power output of each channel, one
at a time, as follows:

(a) Comnect one trace of the oscilloscope dual-
trace preamp to the junction box MOSFET,
labeled '""MOS OUT."

(b) Connect the other trace to the junction box
transducer power output, labeled "GTR+."

(c) Select each channel, one at a time, on the
junction box and verify the timing according
to Test Specification 5.4.10.1 and Figure 79(b).

o

-35°¢ +25°¢ +95
Timing OK ; i; ;;
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/ Terminals

Al Card

AT §ocket
GMR éround
GMR - Oytput
A =2
=
GMR + Output @‘ ~—GTR - Output -

ignal Ground

GIR L;aad Select
Norm = Nominal
Hi: = Nominal +.0%

Channel Select (1 thru 12)

GMR Load Select
Norm = Nominal
Hi = Nominal +107%
MOSFET Output

+5 Volt Reference

Figure 82, Junction Box
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y
i GND OUT| MV I{[+5L)+16 5
6TR ||, 04 4
55 (gnojeuojenol,ins
4[5 +6.5; 43R
oM
Rilzis 155 FND
LEGEND

DC TO DC CONVERTER

MPR22 = MODIFIER PREREGULATOR

22 VOLTS OUTRUT

MPRIG = MODIFIER PREREGULATOR

16 VOLTS OUTPUT

MPR38z MoDIFIER PREREGULATOR

3B VOLTS OuTPUT

LR < LOGIC REGULATOR

RR £ REFRENCE REGULATOR

LSG EVEL SHIFT GATES

MOS  =MOSFET MULTIPLEX SWITCHEY
PAM = PAM OUTPUT CIRCUIT

AL = ANALOG INPUT

GMR = GATED MODIFIER REGULATOR
GTR  =GATED TRANSDUCER REGULATOR

Figure 83.

Power Programmer Breadboard

Front View of Card File
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(d) Select each channel, one at a time, on the
junction box and verify that the ON time, as
shown in Figure 84 and the associated note,
meets specification 5.4,.,10.2,

MOSFET Output 4+ 50%
R ——

Final Voltage

Regulator Output 10%'7

__)' td‘.(_._

— e

Figure 84. Regulator ON Time Measurement

NOTE: The correlation between t_ and trl, where

t
il

10 to 90% rise time,

rt
i

10 to 99% rise time,is

= 2.1, assuming a single pole response (imperical
r information indicates the validity of this
assumption).

Therefore,

toy = ¢

+ 1:1:1 =t, + 2.1 x tr = 99% turn ON time

d d
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Transducer Power Information

ON

-35%C +25°C +95°¢
Input Voltage . Input Voltage Input Voltage
+22 +28 +32 +22 +28 +32 +22 +28 +32
Channel 56 . A ’
Output Voltage m 10.005 Lo.pod \10.00¥ L0004 1000 | L2005 L0:00.5 10:00 -
Noise (p to p) | _<d0 <0 <30 < /3 L/5T_ <Ll <20 RO <0
*t ¢ il |2 el — — £ ¢ e

Channel 57
Output Voltage

Noise (p to p)

*t

ON

R0 SRQ <20
L L L

cor8 1a.043 043
LIS _</S <S5
‘/

L Lo

(D001 10 001 10. 003
A0 = <90

Le: L it

Channel 58
Output Voltage

9992 999 9.993

g‘g.g/z 20:046 10.04.57

Noise (p to p) | <20 <20 <Q0| /857 <7487 _</5 | <SS _</5 < /57
*ton v L L ¢ e e e
Channel 59 -

Output Voltage | yo.os4 10.0/5 ro. 013\ 20016 10014 [fo.016) 0.0/ _toet§g [2-0/9

Noise (p to p)

<20 <A <20

SIS </5 </

<0 IO _ <A0

*ton [ L- L - Lo L~ — o P
Channel 60 . '

Output Voltage | L4334 4033 £0-033\42.057 £0:037 L2 O3N 12043 10021 L0202/
Noise (p to p) <20 .20 < |l R0 <30 <20 <0 . <o KA
*Con [ L el L [l | __e— _ t— ol

Channel 61
Output Voltage

Noise (p to p)

@4000 ZO'OOQ [0:-000
L2 .S <o

2994 9993 5.993

—

B W7 T VA S N

(0003 (0083 40 0oL
<o < <0

*ton L= L L (= L= L o L (=
Channel 62

Output Voltage |/z.¢// 10048 Lo atd| e 03 coe3 2cn3 | Looil 10003 sa.cr3

Noise (p to p) < 20 S0 _<@o| <20 <0 <l <R _ < g0 <20

*ton i L Z o et s i L LT
Channel 63

Output Voltage /ﬁ-gﬁ# o003 1003 F491 T 990 9. 70|\ w008 w0003 _so.coz

Noise (p to p) | L 20 <20 <20| <S40 <78 < /8| <RC _LA0 <30,

oo R s e Ll R e P
C_h:r:r—lel 64 —

Output Voltage | /0000 /0000 . 000 |in ora” o000 s0.0i5 | 9 398 9.997 _3.997

Noise (p to p) LA _ <as . <35 <d¢ <20 <R <2 Ao <20

*tON i i e ol ¢ e L — —

*See Figure & and associated Note.

5-28



Transducer Power Information

-35% +25°¢ +95%
Input Voltage Input Voltage Input Voltage
+22 +28 +32 +22 +28 +32 +22 428 +32

Channel 65 i '

Output Voltage | 2002 10003 /0.003 | 9.976 2.974 2975\ 40:.000 s0.900 (0. 2007
Noise (p to p) <320 /5] <O | LR LA0 S | <29 <28 < IS
*tON L % [l ¢ - L N [
Channel 66 '

Output Voltage | so.0/4 L00/¥ so.005 \co0td 40014 2000\ L0005 200057 fn.cog]
Noise (p to p) €20 K28 L0 ) 5T SAST LS| <SS/ </5 T
*ton Lo Lo Lo e ¢ L- o (-
Channel 67 ]

Output Voltage | 4 9%¢ 4.994 7. M \e.013 w013 (0013|4978 F998 4979
Noise (p to p) | <20  <LR0 <20 | «/37 4157 /87| <ys” L457 </5
*tON [ e = Ll i ol s - ~

*See Figure 84 and associated Note.,

5e5e4

Signal Modifier Power

This portion of the test procedure checks the amplitude and timing

of the gated modifier power, thereby verifying compliance with Test Specification

11‘

measurements.

monitor the gated regulator outputs.

' 5¢5.4.1 DC Voltage and Noise Measurements
(1) Set the PPT for Manual Mode (UP).

5e5¢4.2

The analog voltage accuracies shall be monitored on a DC basis to simplify

The junction box as shown in Figures 80 and 82 will be used.to

(2) Connect the digital voltmeter and oscilloscope to the
junction box signal modifier power output labeled "GMR+"' and

"eMR- "

(3) Select each chamnel, one at a time, on PPT manual entry

and junction box,

(4) Measure DC voltage and peak-to-~-peak noise.

correspondingly.

the 6 ma load is connected internally.

Note that

(5) Record measurements of all 12 chanmels on included

data sheet.

Rise Time and ON-OFF Period Measurements

(1) Set the PPT for Automatic Mode (DOWN).

(2) Disconnect the digital voltmeter,
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(3) Disconnect power.
Reapply power.

card AI-3.
)

Insert the stairstep analog input

Set the PPT for full 12 channel sequence.

(5) Measure with the oscilloscope the timing and rise time
of both the positive and negative signal modifier outputs
of each channel, one at a time, as follows:

(a) Connect one trace of the oscilloscope dual-trace
preamp to the junction box MOSFET outputs labeled
"MOS OUT."

(b) Connect the other trace to the junction box
signal modifier output labeled "GMR+' and "GMR-."

(¢) Select each channel, one at a time, on the junction
box and verify the timing according to Test Speci-
fication 5.4.11.1 and Figure 79(b).

-35°c  +25°%¢  +95°%

Timing OK v [ L

(d) Select each channel, one at a time, on the junction
-box and verify Fhat the ON time, as shown in Figure
8 and the associated Note, meet Test Specification

5.4-11.

2.

Signal Modifier Power Information

-35°¢ +25°¢C +95°¢
Input Voltage Input Voltage Input Voltage
+22 +28 +32 +22 +28 +32 +22 +28 +32
Channel 56
Output Voltage . . ' _
(differential) |2495Y H395" 29.955VR9776 2 077 20977\ %068 30,260 30 0
Noise (p to p) | L2 <3¢ _Lac | <2 <o o | <Qo L <20
*tON Positive v
Output 4 L L v ‘- £ i « .
*t Negative
ON Output ¢ v - » - .« 3 2 .
Chamnel 57
Output Voltage | ) )
(differential) |Hgrs Jows 3e.008 |5e-<Y6 300 44 3.0y 50119 308/ Seee 3
Noise (p to p) | Lho L0 <pp | Lx &30 Coo | Do (2o <o
*t Positive
ON Output v o v « v v v . v
*t Negative
ON Output v v v « . . . . >

%See Figure & and Associated Note
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Signal Modifier Power Information

-35%¢ +25°¢C +95°%C -
Input Voltage Input Voltage Input Voltage
+22 +28 +32 +22 +28 +32 +22 +28 +32
Channel 58
Output Voltage
(differential) [ 02y D.02Y_ Zo, gl OF¢t 3p. 09 50.09¢| 50038 Se.l23 ¢y
Noise (p to p) <o Lo Leo | Lo Lo <ap | o Lio Cop
*t Positive
ON Output L (3 ¢t e . C . o ,
*t Negative
ON Output - ¢ v - “ < < - P

Channel 59
Output Voltage

(differential) |{o.07y 3uv7g 30.u79|\ .2 3c0z¢ 3002¢ \25957 30.098 4049
Noise (p to p) (P (o Lo} L0 Loo Lro | (o o 2o
*tON Positive
Output v v s - v L ¢ . .
*tON Negative
Output i ¢ v ¢ v ~ L ~ &
Channel 60
Output Voltage ' ’ '
(differential) |Jpasv. Foose Zoszli0.03y Ro3zy 003y 29596 .psy 30 40
Noise (p to p) <z Lo <o | o 25 deo | o L2020
*tON Positive
Output v v [ P - v o e v
*tON Negative
Output v d P v e i P + -

Channel 61
Output Voltage

Jo. 0y 20068 Fo oS

(differential) |30.12p 30,120 30,20 L0352 36./35 3y 78
Noise (p to p) (o (T o < vo e <21’ L2 L2 Lo
*tON Positive
Output v v i P P - — o Il
*tON Negative
Output 5 v« L — i “ — = -
Channel 62 T
Output Voltage
(differential) |30.005 30,095 S0.09s|30.0u7 Fo.ou? 3042 |05l 30.02Y4 3e.04/
Noise (p to p) |LZ¢ Cop C30| Co (o Lo |dre Lo Log
*t Positive
OoN Output v v d - - — P v
*tON Negative )
Output v v “ il = ~ e # <

*See Figure84 and Associated Note.
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Signal Modifier Power Information
-35°¢C +25°¢C
Input Voltage Input Voltage Input Voltage
, 22 428 +32 +22 +28 +32 +22 +28 +32
Channel 63 '
Output Voltage
(differential) |N /oo  su/po X099 [Betels 39.064 3gygy|Fo /28 30211 3045 N
Noise (p to p) oo LZo 2o | gro 20 Lo | (2o Lo oo
*tON Positive .
Output [ £ t 2 (4 L L 2 P4
*t Negative , .
ON Output v ﬁ I'd v L V/ v [/ //

ﬁ;g nnel 64

Output Voltage

(differential) |3;/2&5 30428 30./28|%0.043 30043 300ys 25 56¢ Feoozy Fod
Noise (p top) | _c=p L 20 | <O o LN coe oo o
*tON Positive
Output il “ v [ — L — o —
*tON Negative ;
Output : " sl Ll “ e e + e -
‘Channel (3] o =T
Output Voltage
(differential) |0.lco o110 B39.11) |30:934 3203Y 2,030 §51 6. 45¢ 2. fic
Noise (p to p) | Lo _<zo <ol 4zo L20 (2o | Lo 2o 2o
*toﬁ Positive ‘
Output v v L o [ “— o - -
*t Negative
ON Output - & i -~ [ [ — o & -

Channel 33

Output Voltage

(differential) jo 032 G35 30031
Noise (p to p) | L20 (2o (2ol Lzoo L2 Jro| Lo <o <Zc
*tON Positive
Output v ut hat v i L « — »
*tON Negative ,
Output i’ v v © v L & e -
anne —
Output Voltage | i
(differential) |2004s 20045 50,946 129 0,1 Foars” 30,01\ 2. 917 29949 3965
Noise (p to p) L2 (o L20 | oo L20 L0\ Lz Lo LEO0
*tON Positive _ ; .
Output [ ¢ - “ (o v - P >
i
*tON gﬁﬁ:ﬁtve >~ = & L le t i prd Py

o 0r 02 F03o

2y dsp. 2753 29,900

%See Figure 8; and Associated Note.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS
This contract successfully demonstrated the following points:

a) Contract specifications were met and in many respects
exceeded.

b) The system approach is functional and offers decided
advantage over existing systems with respect to power,
size, and weight.

c) Monolithic integrated circuits are applicable to high
precision, low level signal conditioning.

d) Advanced microelectronic techniques (cermet evap-
orated resistors, MOSFET, complementary bipolar,
and advanced circuits) can significantly affect the
system organization, thereby allowing superior system
techniques to be used.,

e) Power was decreased by a factor of 36 with relationship
to present systems. This can further be advanced to a
facter of 80. (S~e Section 2. 4)

6.2 RECOMMENDATIONS

It is recognized that this advanced development contract has yielded
a system approach which offers many advantages over existing space
systems., It is therefore recommended that the continuing effort be
directed toward:
Phase I: Design and fabrication of a complete 90~channel

breadboard system, which includes all micro-
miniature modules.

Phase II: Design and fabrication of a complete flight
qualified microminiature 90-channel system.

In Phase I all of the circuits need to be reduced to microminiature
form. The PDM and DPDM output circuits and the signal modifiers
should be designed and fabricated. The power converter should be
upgraded to reduce the overall system power input. Since the Power
Programmer concept is primarily directed toward minimizing the input
power, further attention is appropriate to increase the power efficiency

of the power source. This can be accomplished by applying negative

6-1



feedback around the converter, thereby significantly improving the line -
load-temperature regulation of the converter., This, in turn, would allow
the removal of the series preregulators, consequently decreasing the total
power input by 30 to 40 percent. The operation of all 90 channels should
be demonstrated in breadboard form before the system package design is
undertaken. In this way many problems can be resolved before the system

is fabricated in final form.

In Phase II the system microelectronic package should be designed
and fabricated. The final system should be fully tested for flight

qualification,
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APPENDIX A

SIGNAL MODIFIER INFORMATION

The amplifier used in the family of signal modifiers is specified in
Table A-1, The schematic is shown in Figure A-1, The circuit is fabri-

cated on three die:

SCA4-1 - Basic Amplifier

SCA4-2 - Drift-Offset Control Circuit and
Feedback Resistors

CAP - Rolloff Capacitors

The first two die are shown in Figures A-2 and A-3, respectively,
" with photographs of the SCA4-1 included in Figures A-4 and A-5, The
common substrate, MCD4, used in the SCA4-1 and SCA4-2 is shown in
Figure A-6, This amplifier can be assembled in one package, as shown

in Figure A -7,

Measured data of output voltage offset versus temperature, open
loop voltage gain versus temperature, and common mode rejection
versus frequency are included in Figures A-8, A-9, and A-10

respectively.



TABLE A-I. SIGNAL CONDITIONING AMPLIFIER SPECIFICATIONS

Temperature range
Input voltage offset

Input voltage drift

Input current

Input current differential

Closed loop gains

Common-mode rejection

Power supply rejection
Differential input impedance

Common-mode input
impedance

Output impedance

Output voltage

Linearity

Supply voltages
Power dissipation

Package

-359C to +95°C
=20 pv

<0,5 uv/°C
<200 na

<40 na

1000 =0, 1% initial setting (£0. 3% over
temperature range)

to

50 %0, 1% initial setting (+0. 1% over
temperature range)

2100 db at Closed loop gain = 1000

from dc to 1 kc
<10 pv/volt
>10 megohms*

>50 megohms*

<0.2 ohm™

+5 volts operating (£8 volts
maximum)

< 0.1% for above output voltage
range”

+15 volts
150 mw

3/8" x 3/8", fourteen-lead flat
package

“Specified at a closed loop gain of 1000
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Figure A-2. Signal Conditioner Amplifier (SCA-01) Die Drawing
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Figure A-3, Signal Conditioner Amplifier (SCA4-2) Die Drawing
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Figure A-4., Photograph of Signal Conditioner (SCA4-1) Wafer
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Figure A-5. Photograph of Signal Conditioner (SCA4-1) Die
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Figure A-T7. Sketch of Assembled Amplifier Package
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APPENDIX B

SYSTEM COMPARISONS

Figure B-1 repeats the Power Programmer system block diagram
for comparison with a "conventional® low level multiplexer analog system
also shown. Table B-Ilists some items of comparison. Note that the
Power Programmer approach has been made realizable due to the advanced
low level, direct coupled amplifier developed under NAS 9-3410 and
NAS 9-4640. (Power gating chopper-stabilized amplifiers are impractical
due to the typically long settling time characteristic.)

The Power Programmer can be packaged with the signal modifiers
included in the main package or separately located at the sensor site,
Figure B-2. Table B-II considers some of the system tradeoffs involved

with those two packaging alternatives.



COMPLETE SYSTEM PACKAGE

i— 1
| o |
7O OTHRR
| SIGNAL MODIFIERS{ — |
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TRANSDUCER I N ° svméﬂss le— |
o
I SIGNAL ° |
MODIFIER
h h
l /1/ DIGITAL OUTPUT |
| el ] Sreonts | >
le TO OTHER {“ ‘
SIGNAL -] l
| MODIFIERS
POWER
| G |e GMR e ° | swircres [* I
° 7 3
| . |
rowRR |
< POWER I
: Exurjzs + SOURCE
POWER LOGIC INPUT
INPUT COMMANDS
COMPLETE SYSTEM PACKAGE
r-——— " """=-—"7""""7""= 1
| ] I :
™ ]2 = ouTRPUTS
I ™ .
I —» _| PROGRAMMABLE Surut :2::
AMPLIFIER ——>
| —> ]3 I—» DPDM
.| ow ever 3 7 3
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SWITCHES
[ I
I — " ' |
| DIGITAL POWER ]
. LoGIC SOURCE |
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| < I
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Figure B-1,

Block Diagram Comparison of High Level Switching

Power Programmer and Conventional Low Level

Switching System
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TABLE B-I.

COMPARISON OF HIGH AND LOW LEVEL

SWITCHING TECHNIQUES

Separate Packaging High
Level Switching System

Low Level Switching
System

Universality

Economy

Analog Errors

Connections

Power

Speed

Reliability

Complete Flexibility in
choosing signal modifiers.

More expensive (more
universal).

Analog signals transferred

and switched at a high level.

(Smaller analog errors.)

184 connections at pro-
grammer package.

6 connections at each
modifier assembly.

Same, if both systems
include gated transducer
power, System without
gated transducers require
more power,

Speed not limited because
a channel can be turned on
in advance.

Not subject to catastrophic
failure since 1 amp affects
only 1 channel.

Signal modification limited
to amplification. Amplifier
gains programmed and
therefore limited.

Less expensive (restricted
application).

Analog signals transferred
and switched at a low level,
(Larger analog errors.)

356 connections.

Speed limited by the set-
tling time of the amplifier,
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TABLE B-II. COMPARISON OF SYSTEM PACKAGING TECHNIQUES
Separate Packaging Single Package
Universality Complete flexibility in Signal modifiers specified
choosing signal modifiers. and unchangeable.
Economy Universality provides Expensive to change

Analog Errors

Transducer
Errors

Connections

Volume

Power

economical adaptation.

Assembly, test, and
repair more economical.

Analog signals transferred
at high level,

Transducer power regu-
lated at transducer.

184 connections at pro-
grammer package.

6 connections at each
modifier assembly.

Programmer package
smaller. Overall total

volume larger.

Same.

configuration.

Assembly, test, and re-
pair less economical.

Analog signals transferred
at low level.

Transducer power regu-
lated at a distance,

356 connections.

Same.
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APPENDIX C

SYSTEM BREADBOARD INFORMATION

The following figures provide additional information on the Power

Programmer Breadboard delivered under Contract No. NAS 9-5293:

Figure C-1: Power Programmer Test Unit

Figure C-2: Breadboard Under Test

Figure C-3: Card File Assembly

Figure C-4: Cabinet and Tester Assembly

Figure C-5: Card File—Card Positions

Figure C-6: Logic Diagram-—Switches and Drivers

Figure C-7: Logic Diagram-—Control

Figure C-8: Logic Diagram —Counter

Figure C-9: Power Distribution

Figure C-10: Analog Input Options

Figure C-11: Test Unit Indicators

Figure C-12: Junction Box Switches

Figure C-13: Junction Box Connector

Figure C-14: Test Unit Frequency Divider

Figure C~15: Test Unit Connector

Figure C-16 through C-27: Twelve Channels of Regulator
Voltage versus Temperature



Photograph of Power Programmer Test Unit

Figure C-1.



Photograph of Breadboard Under Test

Figure C-2,



in
Figure C-3. Card File Assembly Drawing
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LEGEND

MPC - 0l TC EC CONVERTER

MPRZ2 3z MOBIFIER PREREGELATOR
22 vOLTS GuTRUT

MPRIG = MOT =iER PREREGULATOR
16 VOLTS OUTPUT

MPR3Bz MODIFIER PREREGULATOR
38 VOLTS OuTPuT

LR I LOGIC RESULATOR

RR = REFRENCE REGULATOR

LSG  Z LEVEL SHIFT GATEZ

MOS = MOSFET MULTIPLEX SWITCHES
PAM  =PaM OUTPUT CIRCWT

AL S ANALOG INPUT

CMR = GATED MODIFIER REGULATOR
GTR = GATED TRANSDUCER RESULATOR

Fig. C-5. Card File ~ Card Positions
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APPENDIX D

POWER CONVERTER THERMAL ANALYSIS

A thermal analysis was performed on the power converter package.

Figures D-1 and D-2 show the heat dissipation calculations for the
overall power converter package and the integrated circuit flat package.
The analysis which follows is based on the information on the two figures.

The results are summarized at the end.
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k.= .4 Biu S  w—

Ft-Hr-F 004 Dumet

L\
Assume an average 9a
the copper; dieode

o063

Effective Arvea, Ag

b 0533 —] :Er"; )c" —-I;Is

p of 003" between the case and
/s bonded 16 board with"Truecast’.

b
\

.%66 » .06 % 096

00HEeSs in®

A¢ =
R = l, L0QP x 1Q
kA, Q.1 x 00468
R, = 34.4 457, -

b .003 X% /Q
R, = 7/ =
kA, 4 x .056 x.096
F
R, =/6.8 gy
Case Resistance :
R.= R *R, = S5/

tu/H' *
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A = 030 x,004 = oco00¥?id]
020 004
CRoss SECT. oF LEAD
SR x1Q F
Ry ® 3l x 75 x 0006 - seio Bhuyy,
- R x4t - _F
R = 336 = as x . o007 =7 Btu/y,

L eaa/ ?e.ri: tance

?: Rl _____..F
R, R, + Re T Brufyy

Calculated Conductivity of Dumet with pure copper :

6o Bt _

k =
MHr-Ft- F
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Power a//}n}aafu(r WO mw

Q= /40 % 3.413

—MWA 8 T AMM—e Qp s 477 Btug

O 2Q + Q& * Q
® QR, = QAR
5u63£a°tuf;hj ® 'nte @ :

Q. R, ~ (&,-2q.)R,

Qs R,

Q [ Sl S
¢ R, + 2R,

HTT % 5.2
sS4 + (2x5)2)

Q = .039 Bty

Q. = -H77 - 2Q,

qc = 4o Bt“/Hv'-

Temp. Drep across the diode case (s assumed equal
the aT ‘Usraush each of the twos Dumet leads.

AT = QR = QR

AT, = .40 x 4£/.2 - 205 F.
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A,z 0533 % ,373 =.0i%% in*

U

c
't .

Assumed ¥#in wfa/tAJ AL

A = 373 in  or.03/ ft

For constant heat flux through the epoxy bd. ¢ copper:

- L0027 = 12 .O0I8 » 2 -
R = Zz¢ =044 17 ~ 0144

L0072 + £3.2

F
R = 53.2m.

L } Ly
T RA, £3.2 x.0199

Bty

h = 136 —pm—F -

Fin effcie ney :

et (1) n = tank ‘“"‘/-TLE;

A
/I 136 - /
“ANge T ‘03"'\/226x.aaaeaf /. €1
W = tanh 1.6 - =a231c
1.61 1.64
N = 57.3 Z:
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Egquivalent Lin size with same ‘temP. as reot ftmp.

A, = .373%x.0533 = _0199 in“-

S7.30 A, = .o1lH4 in?
Equiv. width , wuor,

N-21k - s
ATy B 53 - .2 ls in.
Eiuiv, surface area ot constant temp,

[(ex.215) + . 05¢].0533 = .0259 in*

Actual Resistance across t/ae epoxy bd. q! Copper:

0027 x /2 .CIS x 2 F
= + = 0.
R R2EC » ,0259 L7 X% 0259 _ No.s Bta/u, -

Q. = .%o Btu/ue
AT, = Q. R = 1¢.4 F.

Total temp rise frowm jet. pt of CR-1 t Alum. TR .

AT, = AT, « aT, * 20.5 + )6.4

AT, = 36.9 F. or 20.5 C.
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—a L J)2S5D |- “"Truecast" caat;'nj
k = 4o .
;T "~ S mamatin tN r-Ft-p
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// ' // .005 Mylar , k= 087 T FiF
L ) () fﬁwy 5'“/ (E=0037)

H.- rur
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R, is thru my lar and " Truecast” (éc‘fwecn cliodes) .
Ry 1s thru "Truccast” (via periphery).

Path 1 (te ctr of diode ):

! -OD8S X /R .o028 x 1
R, = L
kA 087X .085¢ X. 0% d./ x 00 Y65
+ .0lo x 1R C/Vofe.‘ for % P’*l“)
MO X, 056 X ., 094
Y _’(/.28’.4/ + 34 H+ 56'.8’) = /09.3 £
! 2 ' B'h"/l-lr
Path 1’ (ctr of ollede Tc alum. base) :
R._ oY x /& .elo x 1 Q 003 X IQ
' @l x.o004es .Ho x.085g X 09 L1o% 056 x. 09
] F . [}
R: = 157.Q -B-?—-“/-;’—r- C/\/ofe. scar /. Pat‘\)
R' s 748.¢
! ee“/Mr
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Path 2 :
Effective Area, A = .78’¢’(D°L—D,") - ZC&T‘X.O‘IG)
A s _052Y - 0,075 = 0476 in*
R 1 , 008 x 1& .O56 x1\Q . 003 x IaQ
r — = - e
b Z kA .O%7 x, 0476 L Ho X 0474 @ . 1OX 0416
R, = /4S5 + 3sa +~ 7256
F
R, f 573 Becfa,
Path 3 :
A, = T(Ho)(.0®75) = )] in™
L F (.Ho)"— 785 (. 30)Y = 09 /A%
E 08 x /& o8 X1 003 x I
3 0 A1) . 4o X.o9 10 = .09
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E
Ba = SRb = .
3 Bfujyy,
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R., R, +R3 10a.9 ) Stefy,
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190 Mw

Ea_uiQ. Circuit

U.S"ﬂa Meodified Circurt

Modifred ,CII"‘cu %3

Q'R'= @, R, +v( Q@ +190)R,
Q,’ + Q = 170 or R ' = 170 - @,
(7-@)R "= QR + & Ry + 190Ry
Q, = 170R, ' - 190 Ry . !70x78.¢ - 190x274
R, + R, + R’ 109.3 ¢ 27.5 + 79. 4
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T 40 mw
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Bty
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Typical Pesistance per flatpack:
21 12 ry) .00 00|
K= Z)u. Do 162 15.7 222 ) o
- a"‘ —E— -

R W

R = .34do x 3,912 = /./6 Bhy

aT = QR = 3.1 F. or 1.7 C.
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_ - ‘ ‘E ]T : T
U 7 L1 oo ]9 | ]7e
v— oy omeg— h gt
" 1':—_ L L] 1 |.320
P Jr—-\ 3 3 “I :
" - 7 ’¢ . .9
| I I
13 | L [ "
| l | | \

Conductances, Resistances :
/-2, 253, 3-4 ,4-5, -7, 7%, 9-9, F-i0, /-12, 101> y3=14,
11T, 1e=lT 918, 1¥=)q, 19-20, =12, 2223, 13-, M-S

[ .0 .
(acros) ko= AL RV = 35 B heer,
F-Hr

= -t .
R = K 2.7¢ o,

Vb, 611, 1N=)&, 16-¥l, 27 , 712 , n-1] , 11", 3 =P &-13
1318, 18=23, 4 -9, V=1 =11, IT-1N, $=/0, 1S, IS-10, LO~LS

i(dewn d K = lao.: ;953:437! - 716 Bt“/\—\r-F,
- F -
R = 1.397 .
Heat Ipput :
Vede 3 Qe -390x 243 = /.16 Btusy, .
Nede & Qy= .abo x 3,43 = 887 .
Node Qqy= Us(.z x3.9013) = 4/ ” .
Node 9 Q= ¥ (2 x3.u13)= .4/ oo,

D~13




_ _SYSTEMS 1489 REV. 863

PREPARED BY:
TRW sysrems

PROJECY SUBJECY DATE

Node s Qs = Ys(.ox3qz) = .273 BFu, -

Mede 10 Q.

"

Ys (- x3.413) = .73 “

Node 17

I
]

Y X 2. 413 = L4727 »

Interface Pesistance :

Assume interface conduct /'w'tj

Btu
h = 206 gr—Feoe— -

_L_ 144
A = 200 x .a6Hd x 37¢

R= 72 B

Subsequent table of nede temperatures were obtained
Frem a Thermal Circuit Analyzer.

R =

Temperature Rise of Nodes from Infinite Heat Sink
‘N ode AT (F) Node AT (F)
| .8 13 1.2
2 1.2 I 4 ol
3 2.4 : |s o)

4 2.0 16 3
5 V.7 L7 1
6 .7 R 1 . 8
7 1.0 19 8
g 2.0 2o . ¥
q 1.7 el o]

10 1.5 22

I .5 23 .

12 .9 24 .7
25
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PROJECT

PREPARED BY:

TRW sysrems

SUSJECT DATE

SYSTEMS 1489 REV. 883

Max.

MA!.

Max.

temp. rise Yor CR-1/:
AT = 369 + . 8§ = 27.7 F.

AT = 20.9 C.

temp. rise for f/atpacé:

AT = 3.1 + Q.4 = 5 5 F,
AT = 3.1 C,

temp. rise for Xfmr
AT = 35 4 + (.7 = 37.1 ¥,
aT = 20.6 C.

Peferences :

)

" Conduction f/e’af Tran.:fer ',/ PoJ. Jc‘neia/or, Bdd isen -
We.s/ej, 1957 , p. 73,
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FAIRCHILD pA709 AMPLIFIER DATA SHEETS



OCTOBER 1965 + SL-64

GENERAL DESCRIPTION - The A 709 is a High-Gain Operational amplifier constructedona

PHYSICAL DIMENSIONS
single silicon chip using the Fairchild Planar epitaxial process, It features low offset, high LN

SIMILAR TOLT0:8)
input impedance, large input common mode range, high output swing under load andlow power
consumption. The device displays exceptional temperature stability and will operate over a
wide range of supply voltages with little degradation of performance. The amplifier is in-
tended for use in DC servo systems, high impedance analog computers, in low-level instru-

mentation appiications andfor the generation of special linear and nonlinear transfer functions.

ABSOLUTE MAXIMUM RATINGS

Supply Vollage 1+ 18 Volts
Internal Power Dissipation (Note 1) 300 mW
Differential Input Voltage +95.0 Volts
Input Voltage + 10 Volts HaTes
Quiput Short-Circuit Duration (’I‘A = 25°C) 5 sec ! =
Storage Temperature Range -65°C to + 150°C Ozggl;?}:)gRBEXNO
Operating Ambient Temperature Range ~55°C to + 125°C "
Lead Temperature (Soldering, 60 sec) 300°C
"COMPERSATION o rreaueney g2
1 7 v
Ry < Re Ry
10K 0K 20K
Q O (i
g;x 2:: J/r———-‘ INVERTING TR
Q3 N°4 INPUT
Qs Q6 By aureut
. i e e,
3K 3K 30K | g :
ouTPUT Lot
L—*'ﬂq}xs
N . KQ') NOTE: Pin & comnectml to tase. g _
as  Ro
E ¥
s 2 o sREQUECY CONNECTION DIAGRAM
lﬁ;g COMPENSATION (TOP V!EW)
no«:;«;swma o .._,Kq, et Qw-{ G
. Rz k 12
1 &0 108
Ry R13
24K 750 a4
1 r0.004 -

5 1; Rating applies for case temperatures to + 125°C; derate linearly at 5.6 mW/"C for ambient temperatures above +95°C,

MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U. S. PATENTS: 2981877, 3025589, 3064167, 3108359, 3117260. OTHER PATENTS PENDING,

3TNV TIWNOILYHIL0 IONYIWHOIHId HOIH 604V7 B

SLINDYID QILYHDIING ¥YINIT GHHONHIVS



FAIRCHILD LINEAR INTEGRATED CIRCUITS pA709

ELECTRICAL CHARACTERISTICS (T A +25°C, £9V SVS <115 V Unless Otherwise Noted)

Parameter (See deﬁnitibns) : Conditions Min. Typ. Max. Units
Input Offset Voltage Rs < 10K 1.0 5.0 mvV
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 150 400 KQ
Output Resistance 150 Q
Power Consumption VS = x15V 80 165 mwW

The following specifications apply for ~-55°C < TA < +125°C:

Input Offset Voltage RS < 10K 6.0 mV

Average Temperature Coefficient

of Input Offset Voltage Ry = 500 3.0 wv/°c
Ry < 10K 6.0 wv/°c
 Large-Signal Voltage Gain Vg=215V, R >2K,
VOUT = 10V 25,000 45,000 70,000
Output Voltage Swing Vg = 215V, Ry >10K 127 +14 v
Vs = 15V, RLEZK + 10 +13 v
Input Voltage Range VS = x15V +8.0 +10
Common Mode Rejection Ratio RS < 10K 70 90 db
Supply Voltage Rejection Ratio‘ RS < 10K 25 150 uv/v
Input Offset Current TA = +125°C 20 200 nA
Input Offset Current T A= 55°C - 100 500 nA
Input Bias Current TA = -55°C 0.5 1.5 uA

GUARANTEED ELECTRICAL CHARACTERISTICS

.
VOLTAGE GAIN OUTPUT SWING
K
Rk | ] P rroroTT T
-$5°C STy $ 1B°C -$5°C STy S +15°C
A . |
&K o |
H £ « | 1A
= > .
o ® . m Ry
w 50K T
g o g = T
2 3 oz gL
2 ok £
s 5 L
2 <
T K i
§ £
%
Ak TR S H
. =T ] [ \
TR T 0 2B u

2
SUPPLY YOLTAGES - & VOLIS SUPPLY VOLTAGES - +VOLTS

INPUT COMMON MODE
VOLTAGE RANGE POWER CONSUMPTION

-55°C < T <+ 155°C| [ I.

" S AT
L

s m
& [ T § 150
é I Z 1
= =1 L
g 4 © 10 ..v-‘“w

&

g ER PR —
z 2 & s B ——— l

o 1370900 o | 13-104-00

[T ] 15 9 T 7 B u B

SUPPLY VOLTAGES - & VOLTS E-2 SUPPLY VOLTAGES - 4 VOLTS




) FAIRCHILD LINEAR INTEGRATED CIRCUITS pA709

TYPICAL PERFORMANCE CURVES
INPUT BIAS CURRENT INPUT OFFSET CURRENT
VOLTAGE TRANSFER AS A FUNCTION OF AS A FUNCTION OF
CHARAGTERISTIC AMBIENT TEMPERATURE AMBIENT TEMPERATURE
r— T Lop= B
[vs-esv T ] 77 Ve 415V Vg IV
RILRL | |
- Ty - -55°Ct T~ +5C 08 B
5 Tyo H15°C | '
g s =
& f/ é 0.6 =12
- < PR
) / ;“ \\ & N
2 s -
© Zo.2 ™ E ] ™~
= ] = ~__]
0 050402 8 02 04 Au- 0.8 1.0 % X w0 ‘;oo e “ieo N w ;1:10 - 10
INPUT VOLTAGE - mv AMBIENT TEMPERATURE - °C AMBIENT TEMPERATURE - °C
INPUT IMPEDANCE AS POWER CONSUMPTION
A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
B ! Vg 15V
g 0.8 / - H
=
é % Tt
Zo4 E
5 ] o
Z02 — g «
5 13-708-030 - 13-708-01
R T TR | -6 EEEEECEEC
AMBIENT TEMPERATURE - °C AMBIENT TEMPERATURE - °C
PEAK QUTPUT INPUT BIAS CURRENT
SWING AS A FUNCTION OF AS A FUNCTION OF
LOAD RESISTANCE SUPPLY VOLTAGES
— 0
Vg s15V T~ 5°C
v 3 Ty 025 L1
g L
: .
£z = 0 . Lt
s / =
x 18 Im _
fu ER
" e /
i -0 - Dherareon
0T 02 0.5 510 w1z 13 14 15
LOAD RESISTANCE - K OHMS E-s SUPPLY VOLTAGES - 2 VOLTS




FAIRCHILD LINEAR INTEGRATED CIRCUITS pA709

DEFINITION OF TERMS

INPUT OFFSET'VOLTAGE ~ That voltage which must be applied between the input terminals to obtain zero output voltage. .The

-inpgt offset voltagg may also be defined for the case where two equal resistances are inserted in series with the input leads,
INPUT OFFSET CURRENT - The difference in thé currents into the two input terminals with the output at zero volts, -
INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.

INPUT BIAS CURRENT - The average of the two input currents,

INPUT VOLTAGE RANGE - A range of voltage which, if exceeded on either input terminal, could cause the amplifier to cease
functioning properly.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage
over this range.

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with load to the change in input voltage required to
drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

QUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at null.. This parameter is defined
only under small signal conditions at frequencies above a few hundred cyclesto eliminate the influence of drift andthermal feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current.

SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage tothe change in supply voltage producing it.

TYPICAL PERFORMANCE CURVES

MAXIMUM OUTPUT VOLTAGE

OPEN-LOOP FREQUENCY FREQUENCY SWINE AS A FUNCTION OF
RESPONSE FOR VARIOUS RESPONSE FOR VARIOUS FREQUENCY FOR VARIOUS
VALUES OF COMPENSATION CLOSED-LOOP GAINS COMPENSATION NETWORKS
& e'lll l e o [z v e |
: S N \N A [} _];Z;J;.f § L) —BIS(IJ' lel"
3 g vy o[ LI i Illl £ "IN
g | st R INEIN N = AR
z 3 1 Sn )
2 \ % IIIHIIHHI 5 s,
b = o 1K G A N Z 3
] a + L = 3|
= ® i \
i €y - 500090, By < 13K, z-zuuu N ol
LTI :, =
10 100 LOK 10K 100K LOM i lox 0k l.oM 1K 0K 100K 1t oM
FREQUENCY - HERTZ mmumcv - HERTZ FREQUENCY - HERTZ

FREQUENCY
COMPENSATION
CIRCUIT

13-708-017

Copyright 1965 by Fairchild Semiconductor, a division of Fairchild Camera and tnstrument Gorporation

Fairchild cannot assume responsibility for use of any circuitry described other than circuitry entirely embodied in a Fairchild product. No other circuit patent licenses are implied.
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APPENDIX F

MULTI-CIRCUIT DIE PHILOSOPHY

The Multi-Circuit Die of TRW Systems is a means of expediently
supplying a fully integrated circuit at minimum cost, It is an active
substrate containing twelve transistor structures. Thin film resistors and
an aluminum interconnection pattern convert this transistor array into a

fully integrated circuit as shown in Figure F-1.

The advantages of this approach are realized because one basic
semiconductor substrate is processed and stockpiled independent of a
circuit requirement. The largest proportion of total processing time is
taken to fabricate the semiconductor substrates (five primary processing
steps and four masks). These MCD wafers are then ready and waiting
to be committed to a specific circuit. Circuit fabrication is completed
by using four additional masks which interconnect the transistors with
resistors in a prescribed pattern. Lead time is consequently decreased
to about one month (the time required to fabricate the four masks and
process the four steps). Table F-I indicates the patterns needed to make

a complete integrated circuit.

This approach is particularly attractive for small or medium
quantities of circuits (10 to 100) since the cost and time factors would
usually outweigh the restrictions of a common substrate (for instance,
circuit flexibility and using one type of transistor). Large quantities
(100 and up) could economically justify special semiconductor substrates
for each circuit, in that the yield could often be increased by structuring

each transistor according to its particular application in the circuit,

The transistor structure chosen should meet the needs of the
majority of circuit applications because it is constructed with the smallest
lateral geometries consistent with good fabrication yield. This minimum
geometry device provides excellent high frequency performance (high ft 7
at low current levels, together with low junction capacitances) and main-
tains high betas at very low current levels. These minimum geometry
transistors canbe paralleled whenlarge currents are required, thereby

retaining excellent high frequency performance. The MCD substrates are

F-1
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Figure F-1, Multi-Circuit Die Assembly Philosophy

F-2



selected so the designer can choose from a given distribution of betas

and breakdown voltages.

The MCD basic substrate is shown in Figure F-2. All of the tran-
sistors are located in the center of the die to maximize parameter
matching. (The probability is high that any two adjacent transistors are
well matched.) The clear area around the transistor cluster is available
for resistors, interconnections, and bonding pads as shown in the metal-
lizationpattern of Figure F'-3, Crossunders are provided specifically in
four locations and generally in any of the transistor positions. (A tran-
sistor can be used as a transistor, diode, capacitor, or crossunder, as
determined by the placement of the contact holes in the oxide, aluminum

interconnection, and application of the circuit.)

Figures F-4 through F-7 show typical circuits and the associated

schematics which were fabricated from the MCD1 substrate.

TABLE F-I. PATTERNS NEEDED FOR INTEGRATED
CIRCUIT FABRICATION

BLE DI
1. Buried Layer Pattern 1. Dielectric Isolation Etch
Pattern

2. Epitaxy Isolation Pattern

2. Base Pattern
3. DBase Pattern

3. Emitter Pattern
4, Emitter Pattern )

STOCKPILE
5. Contact Pattern (To place holes in oxide to make
contact with resistors)
6. Cermet Pattern (Thin film resistance definition)
7. Second Metal Pattern (Interconnect Devices)

FINISHED CIRCUIT
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Multi-Circuit Die Voltage Regulator (VR-02) Drawing
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APPENDIX G

FAIRCHILD LDDTpL 9040, 9041, AND 9042;
DTpL 933; AND DTuL 946 DIODE-TRANSISTOR
MICROLOGIC DATA SHEETS



AUGUST 1964

The DTul 946 Element consists of four 2-Input Gates on a monolithic chip. The circuit design
and fabrication technology are matched identically to the DTuL 930 Dual 4-Input Gate Element
and to the DTu L family in general. TYPICAL FLAT PADKAGE
TOP YiEW
The logic gating sections of a computer or datahandling system may be economically generated

from the DT L family with these elements: %)

i

DTulL 946 Quad 2-Input Gate Element—inverters, exclusive "OR's", fan-in 2 gates. i

DTiL 930  Dual 4-Input Gate Element—higher fan-in gating (with input extension : -
available in each gate). F‘*BYH"—“ 7‘***——4,ﬂ"5~{

DTul 933  Dual 4-Input Extender Element—for fan-in extending. -

DTuL 932  DualBuifer Element—for highfan-out, good capacitive drive capability, and e =N S
interface driving. The 932 fan-in may also be increased by use of 933 :
Elements.

Refer to the DTuL 931 Clocked Flip-Flop Element Specification for the storage function and to
the DTu L Composite Specification for complete test data and additional characteristic data. PART NO. 9194651

LOGIC DIAGRAM SCHEMATIC DIAGRAM — ONE GATE ONLY

R, == 2.00KQ

TYPICAL FLAT PACKAGE TYPICAL R, = 1.75K2

RESISTOR

Ay 7 i 5 Ve VALUES R, = 5.00K¢
amm (¢}

syl " R, = 6.00K®

+ @}_g

gy 8 =

82: f— —2 (}?

- . -

1l T POSITIVE E=A-B “‘“’:Do___
38D, L F2 (NAND) EF
LOGIC F=G-H BiH)

NEGATIVE E=A+B A{G} -~
{NOR) e
Loaic F=G+H 8

Copyright 1964 by Fairchild Semicondsictor, 4 Divisien of Fairchild Camera and Instrument Corporation

MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U. 5. PATENTS: 2981877, 3015048, 3025589, 3064167, 3108359, 3117260. OTHER PATENTS PENDING.
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TEST SPECIFICATIONS AND CHARACTERISTIC CURVES

CHARACTERISTICS - All curves and other data shown in the DT L 930 Element specifi- 4, The following tpd test circuit is used:
cations and inthe DTp L Composite specifications apply equally to each gate onthe DT 1. 946

Element, except as it may be necessary to modify test circuits to fit the proper pin con- PULSE N ki
figurations. I .
TEST SPECIFICATIONS - The test sequence for the DTpL 930 Element, shown on Page 2 hs

of the DT L Composite Specification, andthe various tables of test conditions, test limits,

LTPD's, and tswitch conditions from Pages 3 and § alsoapply tothe 946 Element, except

as modified below: . $_i: ————————

ol
1. Test limits for IPDH and I(max) are twice 930 values on the 946, Vin
. Ignore all tests relating topins C, D, I, J, X, and Y, =
. Tests 1, 3, 4, 7, 8, 11, 13, 19, 21, 27, and 29 are made on the A, B, E _]_ 946

2
3 1B Ey gate;
then repeated on the A2 BZ E2 gate; then the matching tests made onthe G2 H2 F2 ALL DIODES
FD-600
and G, H, F, gates.
APPLICATIONS OF THE QUAD 2-INPUT GATE
1
1
Most of the advantages in reducing element count and assembly cost by having four 2-Input :DO— 8 i 8
gates inone package are obvious. Considering the large percentage of occurrences of fan-in ! 1
1 and 2 in the typical system, savings of 50% of el needed to lishthe fan-in % 946 Y, 930
1 and 2 gating is substantial. However, some logic manipulation using the output "OR"'ing
capability may lead to yet greater savings., Thus, it is a further advantage of Fairchild 1
Diode-Transistor pLogic thatthe gates (DT L 930 Dual 4-Input Gate Element and DT L 946 1 i
Quad 2-Input Gate Element) may be output “OR"ed with fractional fan-out subtraction and %
without 2 separate gate with open collector required.
1] 3
The example below, a 2-element full adder, shows the typical use ofthe Quad 2-Input Gate fp—
in an optimized logic configuration. \
1 5% — 6%
Suggested Loading Rules DT L 930 and 846 (see DT L Composite for more complete rules 1 ] |
and tradeoffs) are shown at right. 1
. 1
1
. 0 1
% 930 and
4 x Y% 946 2 x Y 946
DESIGN OF A BINARY FULL ADDER t
The classical Binary Full Adder is often decomposed into two half-adder circuits ‘Therefore, AB:-AB = AB+AB = AB+ AB
for reasons of economy. Such a mechanization, while slower, significantly re-
duces the logic circuitry involved. The arrangement given below accomplishes all The second exclusive "OR", composed of NAND Gates 5, 6, 7, and 8, requires
of the functions required of a full-adder with only two DTpL 946 elements and only true inputs, avoiding the need for two inverters at its input.
introduces a logic delay of only four gate propagation times. All of the signals Both the true and complement sum outputs are obtained by the "wired OR"
required for a "carry lookahead" organization are also present. connection and NAND Gate 8, which is used as an inverter.
The rationale for this mechanization derives from the following factorization of The output of NAND Gate 5 is the term (AB + AB)C with the proper polarity for
the expressions for the full-adder sum (S) and carry (C). Output carry signals NOR Gate 4,

are distinguished from the carry input by a prime mark: ‘The remaining term of the carry originates in NAND Gate 3 with the proper

s = ABC + A8C + ABC + ABC polarity for NOR Gate 4. The output polarity of NOR Gate 4 is correct for a

(AB + EB)C + (AB + AB)C cascaded full-adder.
= + + +

¢ = ABC + ABC + ABT + ABC
= (AB + AB)C + AB(C + C)
= (AB + AB)C + AB

@t »

Note also that

(AB + AB) = AB + AB

It is apparent that the sum is the exclusive "OR" of the carry input with the result
of the “OR" of the ar A and B.

Two different exclusive "OR™ circuits are used. In the first, composed of NAND

Gates 1 and 2, it is assumedthat bothtrue and complement values of the arguments
are available, The direct connection of the outputs at point X has logical effect;
namely, that of ANDing the NAND outputs together,

G=2



The DTuL 933 is a Dual Input-Extender consisting of two independent diode arrays

identical in every respect to the input diodes of the DTy L Gate and Buffer elements.

DTuL 933 elements may be usedto extend fan-in capability to more than 20 without

adversely affecting the noise immunity or load driving capability of the element to

which they are connected.

Good practice dictates that extension interconnection paths be as short as possible

to minimize the effects of distributed capacitance on circuit performance.

effects of capacitance are summarized on the back page.

The

Typical input capacitance of DTuL 933 is 2 pf and output capacitance is 5 pf.

For complete test sequence and test values, please refer to the composite

DT L specification

TYPICAL FIAT PACKASE

P VW

fan
=
r
~<
e
5o
o
kS
]

INIWITI ¥IANTLXT LNINI-EN0A €66 T71a

J1D0TOUDIN HOLSISNYYL-3A0IG TIHOYIVY

POSITIVE LOGIC £
REGATIVE LOGIC E

ABCDGHII

A:B.C+D

fG o H b g

2. Acren)® a1 13
2 8 i ) | &
SCHEMATIC FLAT
DIAGRAM PACKAGE 9 xe ey }
LAYOUT
5 gemn Hi0
{TOP VIEW) oo oy
Fenoe :
1
eq o]
FORWARD VOLTAGE . sof-
LOGIC VS, :
EXAMPLE FORWARD CURRENT
+ 25°C ]

TEST
POMY
s

Capyright 1964 by Fairchild Semiconductor, 3 Division of Fairchild Camera and Instrument Corporation

MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U. 8. PATENTS: 2981877, 3015048, 3025589, 3064167, 3108359, 3117260 OTHER PATENTS PENDING.



Typical Curves to Show the Effects of Extender Pin Capacitance (Resuiting From the
‘- Use of DTpL 933) on Time Delay of DTul 930 Dual Gate and DTxL 932 Dual Buffer

DELAY TIME — nsec

+ 25°C
DT.L 930 tpd + VS. DTuL 930 tpd — VS, DT,L 932 TIME DELAY VS.
EXTENDER PIN CAPACITANCE EXTENDER PIN CAPACITANCE EXTENDER PIN CAPACITANCE
160 200
Ca=30pf / Cz = 300pf & s
€2 = 30p1 B i
120 R = 4000 L 180 & A
o 2 S
H / g $ =
R=5K Vee = 4.0V ) / | Q« s"°°

z . &

R = 5K Voo = 6.0 > < %

T == I 3 2 a R = 5100 tpgt Veg = 4.0V

2 &

R=4000  Vgg= 6.0V 40 ol .50 T T

T i NGC R = 5100 thg+ Voo = 6.0V
R = 4002 Vog - 40Y / |
L 1 o °
0 20 a0 60 80 0 20 a0 60 80 0 25 50 75 100
C3~ CAPACITANCE — pi €y - CAPACITANCE — pf Cy— CAPACITANCE - pf

tpd- at R = SKQ is slightly lower.

TEST CONDITIONS

Vee

WAVESHAPES Diodes are FD600

PULSE IN
o

C‘ represents the summation of the
DTpL 933Dual Extender Element out-
put capacitances (~5 pf per output)and
associated board, connector andwiring

capacitances.
Typical Curves to Show the Effects of Extender Pin
Capacitance on Noise Threshold of DTyl 930 Dual Gate
+ 25°C
PULSED GROUND NOISE PULSED SIGNAL LINE NOISE
THRESHOLD AS A FUNCTION THRESHOLD AS A FUNCTION TEST CONDITIONS
OF EXTENDER PIN OF EXTENDER PIN
CAPACITANCE CAPAGITANCE
" Vee =5V
I,L 1ns @ tr 1— 1ns

@ VNs T O ot VNG = O

3 s |

> | -3.0

@ o
o2 {\ — ; 20 k € = 30ps |
2s o EE % 930
% ,I_., S %0,, E T o \ ¢ =50p1 |
oz L
z= [ 2= ¢ = 200p¢

00
20 29 50 80 “o 20 40 60 80 RESET

PULSE WIDTH - nsec PULSE WIDTH — nsec

Ll

Diodes are FD600
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GENERAL DESCRIPTION e

The Fairchild LPDT L Micrologic'™ Integrated Circuit Family consists of a set of compatible,
integrated logic circuits specifically designed for low power, medium speed applications.

The circuits are fabricated with a silicon mdnolithic substrate using standard Fairchild Planar
epitaxial processes.

Packaging options include the Flat package and the Dual In-Line package,

Important features of the LPDTuL Micrologic’™ integrated circuits include the following:

e Reliable operation over the full military temperature range of -55°C to
£125°C

e Typical power drains of less than 1 mW per gate (50% duty cycle) for
the logic gate elements and less than 4 mW for the clocked {lip-flop,

e Single power supply requirement—5 volts optimum, 4.5to 5.5 volts range.

# Guaranteed fan-out of 10 LPDT L unit loads or 1 standard Fairchild

DTiL anit load, over the full temperature and supply voltage range.

® Guaranteed minimum of 450mV noise immunity at the temperature

extremes,

® Typical logic gate propagation delays of 60 nsec and binary clock rate
of 2.5 Me,

-

® Emitter follower outputs providing good capacitive drive capabilily.

TGN b P b o
svrshi Miesed
DY S gty o
ke

ORDER INFORMATION

To order Low Power Diode Transistor Micrologic'™ integratedcircuit elements specify U31XXXX51X for flat package and USAXXXX51X
for Dual In-Line package where XXXX is 9040, 9041 or 8042,

MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U. 8. PATENTS: 2981877, 3025589, 3064167, 3108359, 3117260, OTHER PATENTS PENDING,
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FAIRCHILD MICROLOGIC™ LOW OWER DIODE TRANSISTOR INTEGRATED CIRCUITS

LPDTuL 9040 CLOCKED FLIP-FLOP
ul LOGIC DIAGRAM SHOWING FLAT
DESCRIPTION OR DUAL-IN LINE PACKAGE PIN
: ASSIGNMENT
The LPDT 1L 9040-element is a directly coupled, dual-rank flip-flop suitable for use
in counters, shift registers and other storageapplications, Either R-S or J-K mode & t " Voo
operation is possible. Direct set and clear inputs aré provided which override all & ? a — 8 1
other data inputs. 2 2 — 12 S
¢y’ .- o == 1 Sp
wre s I ll=w m
Q I =T [
GROUND 7 =ﬁ'—
SYNCHRONOUS ENTRY TRUTH TABLES ASYCHRONOUS ENTRY
R-S MODE OPERATION J-K MODE OPERATION TRUTH TABLE
INPUTS @tn OUTPUTS @tn+1 INPUTS @tn OUTPUTS @tn+1 INPUTS OUTPUTS
8, 8, ¢y C, Q [} 8, c; Q Q Sp Cp Q Q
13 12 2 3 9 13 11 4 6
L X L X NC NC L L NC NC H H NC NC
L X X L NC NC L H L H H L L H
X L L X NC NC H L H L L H H L
X L X L NC NC H H TOGGLES L L H H
L X H H L H Symbols
X L H H L H H - Most positive logic level
L - Most negative logic level
H H . X . L X - Either H or L can be present
H H X L H L NC - No change in state
H H H H AMBIGUOUS NOTES:
1. For J-K mode operation connect Pin 6 toPin 3 and Pin9 to Pin12.
2. Asynchronous entries override all synchronous entries.

CIRCUIT DIAGRAM "CEE. LOADING RULES
Sk Sk Tz Ssex 56KS 22K 1K3 15KS INPUT *NORMALIZED
res. 50— 010 nss. UNIT LOADS (U.L)
8, S
7~ ];7 172
s / / 08 0.75 U.L.
cc cC cl cz
24K 28K 28K 24K
1} 8 ©p 2.5 U.L.
o e on sy cP 2.5 U.L.
| Yoo Ve
40K 40K QUTPUT FAN-OUT
S 16K 10 U.L.
e so—{H Pz - 7 U.L. WITH
Q.Q RESISTOR
PULL-uUP
& 2e— Phos s CONNECTED
RESISTOR VALUES
ARE TYPICAL ¥1UNIT LOAD EQUALS 1-LPDTyL
9041 OR 9042 INPUT LOAD




FAIRCHILD MICROLOGIC™ LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS

LPDTuL 9042 — DUAL 3 INPUT NAND GATE WITH EXTENDER LOGIC DIAGRAM SHOWING FLAT
DESCRIPTION INPUTS OR DUAL-IN-LINE PACKAGE PIN
ASSIGNMENT

The LPDT 11,9042 element consists of two 3-input positive logic NAND gates with

extender inputs. This element in the family allows the user to implement logic ouTPUT i 1 Vee

applications requiring a gate fan-in exceeding three, RESISTOR 2 f— 13 INPUT
o G 3 by 12 INPUT

The DT L9933 4-input extender element or equivalent—may be used to provide weuT 4 = = 1 INPUT

additional diode inputs. Any capacitance added to the extender input will increase NPUT 5 e e EUEMOER

the turn-on delay of the LPDTu L. 9042 gate, Typically, the increase is 10ns/pico- INPUT [ j’ = ®»

farad, Turn-off delay is not affected, GROUND 7 ] L 8 OuTRUT

POSITIVE LOGIC NAND GATE

CIRCUIT DIAGRAM 18

1(8)
B k
40K c D

ABC(X)=D

EACH INPUT = 1 UNIT LOAD
OUTPUT FAN-OUT = 10 UNIT LOADS

7 UNIT LOADS WITH
10 RESISTOR PULL-UP
CONNECTED

#

RESISTOR VALUES
ARE TYPICAL

BUFFER ELEMENT

For applications requiring a fan-out exceeding ten, the Fairchild DT L 9930 Dual 4-Input Gate maybeused. The DT L 9930 will drive
24 LLPDT pL unit loads, while maintaining the same output logic levels as the low power circuits,

The input of a DT 11,9930 requires the equivalent of 10 LPDTuL unit loads. Therefore, a low power circuit can drive only one
DT pL 9930 input.

G=7



FAIRCHILD MICROLOGIC™ LOW POWR DIODE TRANSISTOR INTEGRATED CIRCUITS

OPERATING VOLTAGE CHARACTERISTICS
‘OUTPUT LOGIC LEVELS - Vo AND Vg

VOLTAGE - VOLTS

D.C. VOLTAGE MARGIN - VOLTS

WORST CASE
INPUT THRESHOLD LEVELS - ViH AND V L
o] R P AN
24 Vo MIN @ Vo = 4,5V, =
. 2,45 I I Vo Arlpuzn AT INPUT
2.0 @ -
2.0 ey 1'.7
1.6 s
] { T — 14
CIRCLED POINTS AT -55°C, 25°C, -
1.5 AND 125°C ARE GUARANTEED LIMIT VALUES
e
0.8 V11, e 0.9 S
ot | \@o
0 Vo, MAX @ FAN-OUT = 10 U.L., 7
0.4 4,5 vls Yeo Sl 5.5 v,AvIH Am::.mb TO INPUTS
0 0:2 ‘ ] jol.’z I 0.25
-5 -0 -5 0 % 50 B 10 15
TEMPERATURE - °C
HIGH LEVEL NOISE IMMUNITY
2.4 ¥ il T 1 LPDIuL
MINTMUM DC VOLTAGE MARGIN BETWEEN P
A WORST CASE HIGH LOGIC LEVEL AND A oo
2.2 |WORST CASE HIGR INPUT THRESHOLD oot
2.0 T~ T VYoo = 3+3 V
P
1.8 /
1.6 4 —
) / //' Vg = 5.0V
1.4 e
1.2
/-—f
L0 / Vg = 4.5 V_|
0.8 //
A 1 < FAN-OUT < 10
0.6 EMITTER FOLLOWER ]
d PULL-UP
0.4 g L 1 L
-5 -5 -2 0 5 50 75 100 125

TEMPERATURE - °C

G=8

POWER - mW

D.C. VOLTAGE MARGIN - VOLTS

"POWER CHARACTERISTICS

VCC = 5V

EMITTER FOLLOWER PULL-UP

TEMPERATURE - °C

G0 1T T 1
9040 CLOCKED FLIP-FLOP (MAXIMUM)
5.0
4.0
9040 CLOCKED FLIP-FLOP (TYPICAL)
3.0
2.0 9041 & 9042 POWER PER GATE GATE "ON' (MAXIMUM)
: T I
9(‘)41 & 9022 romax: PER GATE GATE “ON" !(TYPICAL)
It 1 l
1.0 9041 & 9042 POWER PER GATE GATE "OFF" -
9041 & 9042 POWER PER GATE GATE "OFF" = (TYPICAL)
. l
-5 -50 -2 0 25 50 75 100 125
TEMPERATURE - °C
LOW LEVEL NOISE IMMUNITY
. 0.9 1 T T T
MINIMUM DC VOLTAGE MARGIN BETWEEN
A WORST CASE LOW LOGIC LEVEL AND A LPDTUL
[~ WORST CASE LOW INPUT T LD 9040 —
—~ o
0.8 A A
~, \ N
4
el
/
AN
45VEVS55Y i
0.4
-5 -5 -2 0 5 50 1% 100 125



AVERAGE PROPAGATION DELAY - nsec

TYPICAL
AVERAGE PROPAGATION DELAY
LPDTuL 90419042

90
\
t & A
d+ de
AVERAGE £, = —— B°7
. pd 4
80 EMITTER FOLLOWER
\ PULL~-UP
70 \
~]
\\
—
60
NOTE: Resistive Loading up to Maximum
- Fan-Out Typically Improves the
l Avera’ge Propagation Delay

5
-5 -0 -5 0 5 50 75 100 15
TEMPERATURE - °C

FAIRCHILD MlCROLOICTM LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS

TEST CIRCUIT

Vin E Vour

= H> e

1] ]

,S)
.u—L
||}—2’

CONDITIONS
Vge * 5.0V, € 509! INCLUDING PROBE AND JIG CAPACITANGE)

VMEASURE " 1.6v @ -55°C
(GND. REF.) 1.3V 8 25°C
0.9v @15°C

WAVE FORMS

tep- '— I—— teD+
UHEASURE

DELAY - nsec

Fairchild cannot assume responsibility for use of any circuitry described

TYPICAL DELAY CHARACTERISTICS
LPDTulL 9040

220
a0 s

~ ¢
N
. \\td'M

180 e D0«

-------- T R crpsR m!m (CLOCK PIN HIGH)

160 F—— e

140

120 \

% PULSE
100 . \\ toa + C‘:oc/‘,
w ‘.,‘.i. *bIRE \r/
- Dy
80 ...... .?‘. ® o T
........ LF‘ R INPUT (@

60 seing, ) ."L?EIS .PIN HIGH) ——|
40

20

-5 =50 -2 0 % 50 15 100 15
TEMPERATURE - °C

G=9

TEST CIRCUIT

PULSE GEN.

o

T?vm”
L

Vour
€L

PULSE GEN.

CONDITIONS
Vgg 5.0V, € =Sk ANCLUDING PROSE AND JIG CAPACITY)

VMEASURE ™ 1.6v@-55°C
GND. REF.) 1.3v@ 5°C
0.9ve 125°C

WAVE FORMS

ViN
N YMEASURE
" YMEASURE
tro+ ouT
=i VMEASURE EASURE
Vour

rely embodied in a Fairchild product. No other.circuit patent licenses are implied.
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